DOCOHBHT BB30B& 



* ' ;# * " 
SE 028 *0? 



.1 



- MfJOB 
V TITLE 



Tallockv Bruce # V& m i kn& Others 
Solar, 'Energy Project, Activities; Junior High 
Science* 



^ INSTITUTION . Department of Baefaay, Washington, ,. v D.C.; Mew fork 



Bureau of Science. 
State: Univ.* of New fork, Albany* ■ 
Science Besearch Center* 



BE PORT NO 
PUB DATE 
BOTE 



EDBS PBICE 
DBSCfilPTO.BS 



IDENTIFIERS 



State Education Dept», ^Albany* 
Education* | 
Atmospheric 

Dop^cs-ooca 4 • v ' . ' 

aan 79 ' ■ <■ . ' \ * • , - /■ 5 . , ■. 

T1M p. ; For related documents, see SE 028 M06-M1 3 
Superintendent of Docuaetits f ,0* S. Government Printing 
Office, Washington, ft-C. 2,0402 (Stock Number 
061-000*00228-6* $2*75) 

HF01/PC05 Plus Postage* j . V 

Class Activities ; *Energy; Bnvir6iti|ental Education; y 
Junior High Schools; *Lasson Plans; * Science f 
Curriculum; *Scienc@ Education ; Science Experiments ; 
^Secondary Education; *feolar Radiation; Technological 
Advancement; Technology * *' .= ;• 

?lar Energy i 



\ 



Energy Education; ^SOi 



an 



ABSTRACT * 

/ . ' This qui^e conta ijim* limmmonr? plans and outlines of 

science activities which present concepts of solar energy in the 
context of tlffe junior high science curriculum. Each unit presents 
introduction ; objectives; skfllls and knowledge needed; materials; 
methods; questional recommendation^ J or f urther work ;*and a teachefc 
information sheet.\ The f t-eac.her information shpet presents the target 
cfracte levels; thel^reas of science i^voivsd in the lesson; background 
information; hints on gathering maf 
suggested approach; typical results 
a valuation- ( BE) 



^ialsj suggested time allotment; 
precautions; modifications; and 



******** ******************** *|**^** 

* Reproductions Supplied by EDRS 



* " ■ , from the ori 

**************************+*********[**** 



ERLC 



V 



gin 



****** 3^******^****31 *** ******** 

re Mig ^be st that can bff mads * 
al locuoent* -* 

***** *^ ************ * **********J|e 



; ^13OE/CS-00te ^ 




"s 

••; .1*1 



TNI| DOCUMENT MAS BEEN R| Pi?^ 
DUCID flXACTL* AS flECClVED FftQM 
. TNI FE^SOf^hSR ORGANIZATION ORIGIN^ 
ACTING Iff. FC7WTSOP V»i» QraPiNSON^ 
STATED DO Nj^T NgCISSARILY RE PRE 
SENT O^FlClAjL NATIONAL INSTITUTE OF 
EDUCAtlON^#QSJTiON POLICY 




CD 



January '1979 



U.S. Department of Energy 

Assistant Secretary for Conservation 
. and Solar Applications 

"■ Market Development and Training Program 
■<"~] Washington, D.C. 20545 





_ HCRGV 
PROJECT 



ERLC 



introduction . \ * 

• p U re drinking water in the United States and' Qt&e&£r£ft8 of the 
■* ' world Is becoming scarce. Several alternative drinking w^r^ourees .are 
possiBT**, such as towing icebergs , >f rom^tarctica ,- seeding clouds > and , 
Aemieall^ treating polluted sur£ac#wi|#rf But all of these methods are 
expensive and i&ey-ti&&£^'fuitia w%ch ar^becoming less abundant , 

• ' ' The ehemical ' .ttt«a^W*Wl«ter has questionable health effects and often 

produces m&tex wbieh has an unpleasant \£aste. Fortunately it is possible 
"v ^ -Vrtng the surr as an energy 

* /.'^source, salt and other * impurities c^n be removed by distillation. , , 



At the .tc^Jftt'lbpf .; bf th 
O 



construct as 
£ tiih water £ 



j • -• 'A* 




fty » you shQwldf be' - able to;?',; 



1" that, uses iol^r ett^irgj^ jt'p; make V 



[which Solar energy is used to' 

Tate'r .. ; . = ■" ■ : - ■ ■■ ir ';,': 



ftd voltcme 



:; Ifi - v ^^^^^^easu^^ metric 
' T ; Hbwjffiq collect ^tnS ipter^^t ^data ^r^p^a * 

MATERIALS;^ rv ■ v _^f. •!.:•,. 



'experiment 



: 4* 




2 styrofqam cups . 

3 flat toothpiLc^i V 

4 round . toothpicks . 



plastic sandwich ha£W 
If J . 5cm long section* of %" wooden dowel 
1 piece of - modeling clavl 



/ 



A small apiount of salt 
1 rjuler (met g£&) . \ * l 
1 sheet of n^ptoer, 



j 



f. 



§1 



-1; 



• / J v<y ; . 
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. ' v. 



PMvtk Softdufcrt Bog 



3"d&ftyfefeam Cups til 



.2*' 4 «fc&f Udi^RM Mack) 



i 



OtHophant Tept Strip* 



(4)fiouf*d Toothpick*' 



TOP VIEW 



1 



METHOD 



V 



Refer to N the diagram and the teacher's model as you construct, your 
owl Jol^atiii. Co. ftot place the plastic hag over, the ■ ^fcxll until 
your teacher tells you. to do so, 

Pour, 125ml of hot tap water into a clean container and add ; a 
small amount of tabic salt. , * * *■ : . ' : 

Use clean hands to carefully taste the solution by dipping youv 
finger tip into^it and placing it on your tongue. Hpw deefl.it 



5. 



taste? 

«^ \ ■ ». ■ . . 

Put enough' salt water solution into, the jar lid to.altaost fill it. 
|e careful nott to spill any of the solution into the outer cup. 

Without letting the plai tie/bag touch the saltwater solution f 
-lace it over the two flat toothpicks. Carefully 'use another 
Jlat toothpick to tuck the sides of the bag betweenJihe two 
styrofoam cups. * 



A 
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. 6 . 

. T i»%;:-V;.- 

7. 
8. 



To prevent tAe ^anidwich bag from cfelfljpsihg , i^uri Vf our strips 
oft c'ellopharfe tape Miom the siSal *o¥ the bag to the four, 'round 
'ttftthpicfcifc ^ • -v.H:.' ''.'iE -y-.^. ■ ■ - • • 

f lace ycttM^ §£1X1 in direct sunlight *for the school day 

After several hours, ©r /wh^ri told to <iq so ypiir teacher » 



v 



jar-lid?- 



Taste it using theUmethtfd already described and record .your 

..reSUltSO V-'"- p - ; \-': ' , . • *' ' ', < 

Carefully remove £h$ f our toothpicks and separate -^hs two ci 4 
Vh^t *is in the outer cup? If there is something there taste > it \ 
How does it; taste? J Use aJ graduated 'cylinder t k o determine the 
amount of liquid in the outer cup ip milliliters and record §> 
you^ results , ^ ■' * \ . • : , i 



i 



LOOKING BACK 

t ' Commercial solar stills', alio called solar desalinizers, are much 
larger . ^uch more expensive, and morfe precise iu design than your /stills 
But they work fin the same principle as yours . , / Nature , too, works in tWp 
same 'way to produce pure rainwater- from the saltwater of tl^e oceans,. 



QUESTIONS 



/.». 



. . 1. a) What did the solutioA in the jar lid tast#<lifee before 

♦ distillation? b) What did the solution in the jar taste like 
? • after distillation?, j " V V 8 >* 



■ ' „a) Was anything in& the outer cup? b) . If there jj&as f what did 
it taste like?, c) Hojht many milliliters df liquid)*were in 
^the outer cup? , , = 'q s ' . . ' t 



3. 



V 



How Jid the ta^te of the Solution in the jar lid compkr^to 
"the, taste o£ the solution in tha outer curi? • 

■■. . • ' > - - J . y 

Energy was, required^ to rembve the salt froB^th^ saltwater 
solution. Where did the energy borne from? K , * * . 



Explain as best . ypu can 
the ^sal&water . 



the still removed the salt fro; 

4 ■ Jt 



1 ■ 



GOING FURTHER 



was the j»ar lid painted black? 



- h 



purjtf ication would pot be feasibly? 
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;: • ^ 


"Why 


this »4^hod 
not? ' •• " 


l J 
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% - 7*- 


. ' ■ 1 ■ 

1 'hs ■- 







hod of water 
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Oari you thiiik oJ^\w#C pthtfr than water purification of t 
=, apparatus 'such' ,a* this? w Explain your answer . f ■ A 

4 V 1 * Can yotf thinly of a method! foi^ desalinizing wateiA^rhich # jdoes not 
' Curfe solas* ftweifgy? ,What : aVe the advantages and .die advantages of 



4 . ; » 



f - List the advantages and disadvantages of each of the following 
methods of obtaining drinking water. ' \ y> 

■ ■ ,% - ■ \ V- ■ ; '"' ■'. \ ■ . . * ^ .■ " ■* . .■ ■ , .■ 1 .-\ % 

J . - * , a. Antarctic icdbergs i j^ 4^" , y . « 

* - • bV J ffloud seeding -\ v ^ _ ' ■ *^ . ' , 

'J c. Chemical treatm^t r * # * 

??J d. a Solar "^esaliniia^ion; * ■/ 

. How is the solar desalinizer you constructed simpLLar to the 

* • * "* water , cycle in nature? > \ ■ ' ",: -' / iv - 
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A SOLAR* Df $ A tINIZER 



Sugg* ate degrade Level and Discipline 



7-9^ Science 
Physical Science 
f /Earth Science 
Ecology - 



regions 
for 



Background Information e * 

- „ ' . . T*** solar desaiinirttion of sea waterUs ^frently used in* some coastal 
of the world located below 40 N latitude, where solar insoiati^n ia direct enollgh 
desalinization ,te be economically feasible. A solar desaMftizer utilizes^wxijWic 
principles to produce freshwater for drinking: First*,, t0 solar, insolation causes the 
sea* water t0#evfporkte causing ^he ^alt and other minerals to remain as residua in the 
evaporation vat* -' Secondly, tha water vapor , which iJ now devoid of salt and other 
minerals*, rises, cools, and condenses on a surface above tha evaporation vat and is 
collected; as freshwater. This process of separating mixtures by maans of evaporation 
and condensation is called distillation. - " • " . 



Hints' on Gathering Materials 



All of the materials in this laboratory activity are readily, accessible from 
the local grocery and hardware «torejat a minimal cost. The* only item which 
cannot be purchased separat a ly is thlp|ar lid commonly use J on jars 
containing instant coffee and other products. Consequently, have the 
^students start printing these into class two to three weeks prior to the 
activity to assure an adequate supply, * - , s 

-4 l? . 



Suggested Time Allotment 



Approximately one class period is required do construct the 



mi 



One school day (5 to 6 hours) is required for the apparatus to. desalinize 
the salt water, ' » Jr ' 

One to two class periods are, required for £he collection, interpretation, 
and discussion of data. 1 **■>'■ ^ 



Suggested Approach 



Before the experiment, the teacher should build a solar still model for 
the students to examine. This wif^ eliminate the need for" lengthy 
instructions. i ^ . „ ' .." 



Y 



9 



Since the materials are inexpensive and a minimal amount of space is required 
have the students work la groups of two or three. 

I; ■-. ' • V ■ . ~ \ ' v '* < * x , . ":-\. ■ . 

- If possible, students who construct their apparatus in the morning should 

^ * check It' at the end of the school/ day* Those who set up"* their apparaius- 

•■■ , later in the d ay should check it the following morning, 

„ • i , . * ■", * , ■ . " ■ . . * 



*' *7 / , It is important to mak^ sure that the amount of insolation for^qach solar 

still is as uniform as possible. Therefore be careful of the location of the 

, \ _ \8tiils. v = \ r " . 4 J^.- 

— with most energy activities, career education can be introduced by ' * 
contacting 1 local power, company representatives for a eiassroqp or assembly 

• i presentation and for discussion of both the feasibility and availability of 

* solar energy as a means ti© help meet the energy demands of today and the „ 
future, * . m ' B 

- ^ Below are listed steps for building a solar still, V 
_ • 1. . • Refer to the diagram as you make your desaliniger* 

2, Glue two, flat toothpicks together at right angles to each other forming 
'■•lan' + , and then glue them > to one end of a 7 ,6cm, section of wooden * 

dowel. Let this dr#, . ' .■ 

3, Place tne j,ar lid* inside up onja sheet of newspaper arid paint ail of 
, 0 . B its inside surface black* Let it dry. J 

4, Measure 2%'cm from the top of one sty^ofoam cup and draw a pencil line 
completely around Che ouftside of the cup, , T 

5, Lower the marked cup in«ide the second styrofoam cup until the drawn 
line is leveL with\the top- of the outside cup* To fasten the two cups, 

• t put the four round toothpicks through both cups at 90 intervals* 

6, To avoid being hurt by, the sharp ends of the round toothpicks, put 
j ' i masking tape around their ends , ^ 

7* Mold mpdeling clay around the plain end of the wooden dowel. Place this 
clay, dowel » and ^toothpick assembly in the center of, the jar lid. It * 
should stand straight up, 

■ \\ ■ 

8. Put. the jar lid into the top of the inner -styrofoam caip in a level 
position, '* . - » ■ . . 

' . * , 

Typical Results ^ - ■ , 

1 — : - ■/ . ■ ■ , ; • 

.' ■ - Depending on th§ amount of insolation received, the amount of, freshwater 
collected will vary 'from 1ml to Smi, * < ] 



E 



v 



Precautions 9 



t# &&imd fcoothpioksWii 



Afafcg iuj'i tftat #tud#n*s pad th&ippotruding ends of thi ■ &dtmd kgothpioksWith 
# * masking tape to prevent puncture wounds. ' * 

- "Wi w| Wia£ all of the styrofoam cups M water * and teaspoons used ore 
i \, aZitoij sinM students ore : to taai^e these solutions . "Make [ &tire that students 
^olean their fta«ds before tasting th&woltfmqns* Also s Warn them that they 
^should never taste any ahemiaals ik aL SQiir&e alas&room witjtaut a teaohetm 
.-. permission* ^ J . m - x - ' ■ 

Modifications 



• a > .- -.».... . 

jar lid can be left unpainted or the outer styrofoam cup can be painted 
black and. the results compared to tngse^of^hc standard apparatus* 

Use a 2 50 watt heat lamp at a distance of 1 meter -above the apparatus if 
ther*e is no* effective sunlight. ( 

-■ ■ ' % - . : : ■ V . r 4 " 

You may wish to make a stpck solution qf salt water rather than having 
students make their own* ' - ,\ 



Evaluation 



Check the students' ability to follow directions by noting the construction 
of their Solar stills* • " ' " - ^ % : > 



ieir sjplar 



Check the answers to xhe questions 



r 
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D R A P T: - Activity 2 

COLLECTING THE SUN'S ENERGY 



A . * 




INTRODUCTION 



Is the %m powerful enough to use as a source of^lnergy? 
Sitting in a closed car on a simny day seems to indicate it is* Thinft^ ' 
about all the %olar energy that strikes the earth but is not used, If 
this energy-packe*d sunlight could be collected^ It would provide a large 
source of_ clean; free p .and much-neecled energy. In this activity you* will 
learn how a solar energy^ collector works and build a simple solar water 
heater. ' 
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OBJECTIVES 



J 



At the completion of this activity you should be able toi 

' ' .■ • ■ • ' v ' :> " v ' • ; 

o understand the basic parts of a -splar..ene?£y collector; 

** ■ . » f • " ■ , • * = 

. , o construct a solar energy collector . v , r - ' , * 

o be ■ aware o£ practical uses * for f solar energy, * - 

■wfl . ■ ■ ■ ; ■ . ■ ' ' v •; , • • - . ) ; , 

SKILLS AND KNOWLEDGE YOU NEED \ <v L , , 



* v How to read a thermpi^eter . ^_ 



How to measure "metric , length, ^lume, and mass. 
Understand what a ^calorie;, is . *. ^ 

How to graph 4a ta. ■• * , ^ / 

MATERIALS 

- Quart size, mayonnaise or canning j a.r ; wide mouth with lid, 
12 o £^ v? a 1 urn infanr beverage can , * * 

Thermometer; 12", 75mm immer sib le 0°C - 100°C, . \ 

' , : AV 

50ml or 100ml graduated cylinder. 

Flat black paint. r ■ 

Sandpaper, 

Paint: brush . ' ' ► . ■ 

* Modeling clay. 
Balloon or rubber membrane , 



Corrugated cardboard , 
Aluminum foil, 



Rubber bands 
Scissors, 



13 



Water, * 

Clinometer (optional) 



- 2-3 




METHOD- i w 

J^id the outside of the beverage can so the paint will stick 
to it. Paint the outside of the can with flat, black paint. 

Cut a circle of cardboard to fit inside the jar lid. 

Punch br drill a hole in the cerfter of the lid and cardboard 
so the thermometer will fit through, *■ . ' 

Put 200ml of tap water into the beverage can, 

Cut off the end of a balloon and fit it over the open end of 
the beverage can. Puncture the balloon to allow the thermometer 
to pass into the water in ithe can, 

Position the beverage can in the center of the jar, anchoring 
it in position with a small ball of clay by pressing down on 
the can. Be careful not to spill the water, 

Screw the lid on the jar* 

Carefully fit* the thermometer into the jar and can positioning 
it so you can read the water temperature. Do not force the 
thermometer in or turn the lid once the thermometer is in place, 
The thermometer breaks easily, 
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9, 

10. 

II. 



. Pa»ck -a flnall amoiajt of play a; 
* the hole on the lid and make : 

Wrap a piece of aluminum fell, 
of the jar. Secure the foil * 




s 



oimd the thermos ter to pluj 
t air tij|ht. 

shiny side 'in, abound half 



ith rubber bands. 



Enter all initial data on your 
can be determined with a cl 
REMQ1BER NEVER TO LQSK DIREC 
CAUSE PERMANENT EYE DAMAGE 



TLY 



data sheet. The sun's altitude 
mo|meter or by asking your tfeacher: 
AT THE SUN BECAUSE IT CAN 



12, Place your solar collector on an angle directly facing the 

sun with the foil side away from the aim. Begin making readings 
at 3 minute intervals for a total of 30 minutes,. Record this 
information on your data sheet! ^ In the "Notes" colimin list 
any changes f ^such as cloud ^covp ( or a movement of the collector, 
which might occur during the experiment, 

13. Graph water temperature vs. time. 



LOOKING BACK ■ 

Your .solar collector should have increased the temperature of 
the water several degrees. This simple device made with everyday items 
works well and could have many practical uses if built oh a larger scale. 
The glazing and collector box (glass jar) collector plate (blackened can), 
transfer medi\im~<water ) and insulation (cardboard) are all basic parts of 
any solar collector, 

QUESTIONS 

1. Interpret your graph. When did the temperature increase the 
most? Account for any dips ot increases .in the graph. If 
your graph leveled off, exploit! why, 

, 2. jlist 5 different parts of the* collector and explain their 
functions . 

3, How many calories of heat energy were collected in the water? 

The number of calories - mass of water (in grams) x tempegature 
change (In C) x specific heat of water which is 1 cal,/g C, 



GjDING FURTHER 



Do an experiment to see what alp temperatures can be reached 
if no water was placed in the can. Does just warming air 
have any practical use? - * 



/ 
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DetArnina what effect the slant of a collector has on 
the temperature attained. Try different angles of insolation T 

Whdt effect do different outside air temperatures have on 
temperatures obtained? Is your collector just as effective 
in winter as in summer? 

Find out what effects wind and cloud cover have on your ^ 
collector 1 s performance. " 

fexperimenl: With changing the color of | the beverage can. Does 
this affect the performance of the collector? 

■ "■■ ' . . " 1 J ■ 
Experiment| with other liquids inside the beverage can* Does 
this affect your collector's performance? 



>eriment using a steel can for the collector plate. Does thi? 
change your results? t 

Place the mayonnaise jar inside a larger glass jar. What 
effect does this have on your collector^ performance? 



§ 
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NAME 
DATE 



SOLAR COLLECTOR DATA SHEET 



APPROXIMATE ALTITUDE OF SUN 



"(Do not look directly at the sun,.) 



WEATHER CONDITIONS 



AMOUNT OF H26 IN COLLECTOR M L 
START I NfT TEMPERATURE OF H^O ._ °C 
DTHER INFORMATION .' 



TIME 


TOTAL TIME 
ELAPSED 


WATER 
TEMP . 


TOTAL WATER 
TEMP, CHANGE 


NOTES . * 
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Teachs^ Information Sheets' \ 
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• CO L L EC TING T K E *S U ty ' S . E N £' R G 



Suggested Grade 



and Discipline 



, 7-9 Science 

ISCS III - In, Orbit 
Earth' Science 

a 

Physics i 

Background I nformat ion i% 

. . ""• '- ■* v — ~ l N 



• = A* solar collector has 

. One major part of a co 
transmits as much golar energy ai 
transmits, inside the collector 
temperatures without decomposing 
objects that might fa'll on ^^(k 

Another part a c5iPknY 4 so 
energy transmitted, .by the glazin; 



five basic parts* 

Hector is a covering material s called glazing s which 
s possible* Its purpose is to trap the energy^it^ 
The glaring should be abl& to withstand high 
or melting and it must be able to_ withstand impact from 



slar collector is the collector plate which absorbs tWe 
j>_ The collector plate is* usually coated with a dark 
colored material ^that increases v uhe absorbanay of the solar^energy* The collector plate 
and its coating must be able to 'withstand. high temperatures without vaporizing or others 
wis^e breaking down* The collector plate is often made from copper or aluminum but other, 
materials may, be suitable. The collector plate (metal can) will absorb pax t of the 
energy collected but the affect cn the change in temperature should be small so it 
is not absolutely necessary for students to calculate this* * • 

' A^third part of a collector, the collector box, houses the -various parts 
of the collector* It can be madej from materials such as alu^num. woods fiberglass or 
steel* It must be sturdy and able to withstand temperature extreMS, In this activity 
the glazing if also the housing* i / 

The fourth part of a collector is thJe* insulation that surrounds five sides 
of the collector box;. Conduction losses of trapped solar energy are substantial unless , 
the collector box is well insulated, , fiberglass and various foams are commonly used foif 
this purpose* A secondary glaring can be J^sed as insulation* The cardboard in the lid ' 
provides insulation for heat ^ost through the. metal top* 



The fifth part of the collector is either att or a .liquid, 
transfer the solar energy to a' system sfor distribution throughout the space to be heated 
or to a substance to be heat 
or ten mixed with an antifreeze* 



It is used to 
space to be he 
It water is used as the medium in cold climates, it is 



' ' A collector or a series of collectors can be used for space heating or to 
provide hot water for commercial or domestic uses. * 1 



i v * ; - . • - v- w; 

v w : -V ■ . 

'The collector constructed in this activity is a water collector which will 



8imulaten^^ork^« of a typical liquid collector. 
^tilnts on Gathering mteriali 



^Sugges^ed time Allotm|nt 



Several weeks before the activity is^ planned, have students start bringing 
in jars and cans, ^Ttfe jar openings; must b| widt enough to aftonmodate • \ 
the cans .J Students generally prefer ' to* use their own equipment* Insist 
the jars^be clean with all lables and glue removed , f . , ' 

My flat black paint will - do as long it is not water soluble when dry* 
^Batex paint is preferred i; oij^cle^i . ifp^rid for shorty drying^time. 

3/4 bo 1 inch paint brushed may be borrowed from the art teacher. They' 
are less messy than larger brushed ^ 

- : ' ■ . * : , + :. ,. , '^r[ 

Qo^rugated cardboard may be pre=c€'t tb fit into vthe jar lids to save time. 



One period to construct ^hejscbllectors . 




- # T^o or x three periods for collection and interpretation of dat£ 



Suggested Approach 1 * 

Ta\ce data every/ three minutes. 
- Have no, mo^e than two students to each collector. 



The collection should be done outside or through a direct sun-exposed 
window. Use a relatively sunny day to collect data, The^ results should 
; be good on a partly cloudy or hazy day, ffut not dramatic enough during 

totaily^overcast weather. Variation in weather will create challenging 
variables in results to interpret. ' 

- In the graph, temperature |hould be the vertical axis and time will, 

be on the horiiontai axis, * 

To infuse the concept of career education 1 into the clatesroom, there are 
* numerous sources of energy materials available, *The Department of Energy 
^nd lenergy related industries*' and utilities will s.upplylmedia • resources 
t * " . upon* request- Businesses, including" solar heating system dealers , may be 
willing to come to your classroom or invite your group to their business 
to discuss their aspects of energy ,* ' 4** 



Each student should be encouraged t;o explore his own home and determine 
where energy is wasted and how such wastes could ber' eliminated , 



ID 



U * ■ i % 
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As a foiiow-up activity, students can asked^to design their holfisef of 



i the" future tKat*"*uees "solar energy *as a prftaary energy) source and is 

- ^ W , energy efficient. >• * " i 



Typical Results 



Students should* realize -the effect weather; 'conditions have on the degree 
of water temperature change. ^ * . ' ■; ~ [*'* 

The angling of the collector to the Bun *wili cause results to vary, ) ^ 

The temperature change should^lsvel ^|f if condition's are* constant after ( 
.30 to 40 minutes, / ■ . " / * ' ^ 

Different amounts of iwater should result, in diEectJLy pro^ortiona Ife 
'chan^es^in temperature, r _-* = P 

If a dry can is used (no water,) , the temperature *lrtc£;ease is significantly 
higher* as compared to* one whicb is water- f*i Ilk 



A (second layer of glazing should^ increase^ the , water temperature change 

. ■ .' . ■ \t' . ■ . . ■ ■ ■ 

Precautions / * sX jh 



;-v. 



Holme should be pre^punahed in the lids by someone other than the students* 



. Thermometers must be plabed in the ao I lect&uy aftar the jar lid is screwed 
on, '<■ Care should be taken -that the* holes ' in hhe lid ^ and can are aligned* 
'There should be no r stress on the thermometer * t * 1 V 
> - t - gL^~ * f 

Modiflcatighs ^ . * i 

- See GOING FURTHER in student activity section, . .. 

- It may be advantageous to E determine the mass of the metal can^and include 
the' heat energy absorbed by the can in the calculations* ^ x - 

Evaluation |,# 

_ ■? Observe your students* ability to follow instructions _and work with 
other class members, 

■ ' ^ 

= Collect and review the data gathered by each student. Is it well 

organized? Is ^the analysis well-thought out? Are the^graphs, usable for 
data analysis?^ ■ ■ , * 

- ^ieck studentf* answers to the questions. 
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D R AFT- Activity 3 

ENERGY FROM THE SUN 



J. 




INTRODUCTION 

f , Have ycki ever seen\hpw d solar collector ife J placed to collect 

* the sun 1 s e^i£rgy?\ Why do you think they are installed that way? 



el] 



The amount of solar energy collected depends on the -way the 

;wJilector surface faces t^e /aun* , This activity will lopk at some factors 
involved in deciding how, to place a solar collector to get the most solar* 
energy. , 



OBJECTIVES 



At 



o 
o 

o 



the completion of thi^ activity, you should be able to: 
o ^ delate the energy received to the angle of the sun, 
relate cloud cover to the energy received. 



determine if all the light comes directly from the sun, 
predict the bar^t angle at which to set a solar collector. 
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SKILLS AND KNOWLEDGE YOU NEED ' - 

How to us#- a . serlariiineter or Hg^ meter' * 
* How to use a clinometer (altfitude measuring' 



Lee) 



MATERI 



* V ^H0^^FWnfiterv or 



METHOD 

l. 



- ) 

r *Light/ 



meter '(often available from a photography 



£j.lfiqmqter (altitude measuring device) v 

,Record the presence or absenc^f clouds between you and. the 
sun, as wei; as general cloud IJBnditions . : 



2, If you do not know how to use the clinometer (altitude measurine 
device)* or lighf meter, see your instructor for specific ^~ 
directions . * . r , ( 



3. 
4. 



Take ftese two pieces of equipment outside to make your 
measurements; TAKE CARE NOT TO LOOK DIRECTLY AT THE SUN, 

Record ; on t^e data sheet ghe BglarWer ior light meter) readin 

Y20 8 ^ a i^S 8l ?I,8 f 0 > 30^ 45 , §0 , 75* -90Vl05 ft ? 

120 ,135 , 15*0 , 165 , and 180° from the ground. See diagram \ 



g£ 

gram A, 



105 c 



90 e 



120° 
135° \ 




75 c 
i 



60° 



45 s 



30 p 
15° 



-n- 



I Angle 



Eye Level 



^j^i? 1 ?? 1 th ? solarimeter at varying angles determine the angle 
which ;will, give a maximum solarimeter readings Record the ' 
angle and maximum reading o^ the data sheet. 

Using the clinometer measure the angle of the sun from the 

horizon or what is known as its altitude. BE CARfeFUL YOU DO 

NOT LOOK AT THE SUN DIRECTLY, See, diagram B. MeSsure the 

angle as accurately as possible by looking to the left or rieht 
of the sun, - , TP ■ ^ 
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7, Record the light meter reading at the angle determined *in , 
step 6, Add this to your chart, * / {_ 

8 # Repeat the same measurements as, in steps 3-7 "oiPa different day 
" : when the clouds are not the same. Majce sure the time of dfc^ v 

remains the same on both days . : '< / \ 

t • • *■ - • 

• 1 g e plot fie datd s angle vs. amount of light on one graph using 
both sets of readings , ■ „ - ■ '. 

LOOKING BACK ■ 

You should understand how the intensity of the li#t received, 
©n a surface varies according to the position of the surf ae^ with relation- 
ship to the sun. 

QUESTIONS 



1, At what angle does the miximum afiouht of light arrive? 

2, How does cloud cover effect the energy received? Explain 
your evidence for this . 

, V - 

3, CoWare the angle which gives a maximum solarimeter reading 
with the clinometer reading. Explain these results, 

4, Does your solarimeter reading ever reach zero? Explain, 

* * 

5, Based on your data determine the best angli to position the 
receiving surface of a solar collector* , ' 

' * 'j 

GOING FURTHER 

* - - - u f ~ ■ 

- Point the solarimeter to obtain the maximum reading, WLthouf 
' changing the angle turn the solarimeter .to the left and right 

while observing rthe readings. ,How do these observations 
| cfi^pare with yoiir earlier data? 

How will the time of day during which the experiment, is \ 
conducted affect the results . i * 

How will the time of year during which the experiment is 
conducted affect the results? 

If you were installing a solar collector, what information 
must you consider in orienting its position? 
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DAJA TABLE — ' 



r 



ANGLES (°) 



0 

. 15 
; 30 

m 

, 60 
75 

' 90 
105 
120 ■ 
1^5 

*150 
165 
180 



( SOLARIMETER" READINGS 



DAY I' 




ANGLE OF MAXIMUM SOLAR I METER READING f 

( maximum solarimeter reading 

Angle of the sun at the time of the reading 
-.' solarimeter reading at this angle 
angle of maximum solarimeter reading 
maximum solarimeter reading 

ANGLE OF THE SUN AT THE TIME OF THE READING 
SOLARIMETER READING AT THIS ANGLE 



Teacher Information" Sheet 



\ 
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• ENERGY FROM THE SUN 

* * y ' 

* Suggested Grade LevelLand Discipline - 4 , 
7-9 General Science ^ » V , : 

" ; . *< = ■ .-/.-.■ ' . \. * . . '* 

Background Informa tion * 

: .,. i ^ ■ . • . 

\ Sunlight arrives at the surface of the earth and is* sctfttered^and diffused 

by thp atmosphere, 1 It is .these processes that provide the entire earth's surface with 
solar radiation. The radiation will be most, intense when measured perpendicular to the 
sun, : ■ . i 

s • * ... . , , _ 

Energy from the sun comes in the form of electromagnetic rSdiation, .. Only 
a small amount is in the visible range* About 28% of this radiation is (scattered and 
reflected back into space. Another 25% is absorbed by ozone , C0 2 » and>clouds in the 
upper atmosphere. This leaves about kit arriving at the surface, 

Hints on Gathering Materials 

% . " , « * ■.. . . . . 

*f, - * A durable and relatively inexpensive clinometer is .afssairable from .many 

sMence supply companies. Plans f or ^an inexpensive solarimeter and * 
"' clinometer are provided in the hardware section of 'this solar energy ' 
document , Light meters are usually available i from a photography- class in, 
the school* If not, students may have them, V * 



Suggested Time Allotment 4 •- 

^ - , 2^3 class periods, °* . * 

Suggested Approach , 

* Start by explaining how to usev%he equipment. Demonstrate how angles*can 

be approximated, Show how ^he light meter is read and recorded in (ev) 

•• * exposure Value or if you have a sula^imeter, in millivolts or milliamps. 

In the post-activity discussion, you can refer to the soiar collectors that 
can be part e of v *a later activity, > tm 

Typical Results 

■- On clear days the results will show clearly higher values the nearer to the 
altitude of the sun. On cloudy days the , results will be {.somewhat 
. • ambiguous, . 4 



i, 
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Precautions 




4 ' W^'8l^dmt8 NOT to look directly at the sun wHmn sighting £te elinom< 



'eten 



fications 



this activity at different times of the day or year fox 
variation, . . ■ ; - 



& 



Evaluation 




<M Student evaluation should be based on the studratt^^^^yr tp collect, 
record and plot data, as wall as his/her answers * to the questions* ^ 



.ft 
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INTRODUCTION 



Have you ever walked barefoot across a paved road on a hot 
summer day? If so, the experience showed you that the energy from the aim 
is trapped by the road surface* *■ f 

Common materials, such as roct and water, can be used to capture 
and hold energy from- the sun. If so, heat energy trapped by the rocks or 
water can be removed and used whenever it is needed, even when the sun is 
not shining. 

In this activity, you will compare the ability of <air and 
rock to capture and a to re heat energy. 




At the completion of this activity, you should be.abJ.e to: 

o describe how rocks can be used 0 to s^ore heat energy. 



o determine which substance, rocks or air, absorbs heat 
the fastest and releases heat the fastest. 



mo KNOWLEDGE Y0U 

4 ■ - 

Ability to read a thermometer and stop watch or other 
• . timing device (school clock, wrist watch, eter) T 

Ability to construct and interpret a graph. 



MATERIALS 



'4t 
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Gallon tin (ditto fluid can) with bottom removed and two 
holes for insertion of ^thermometer, 

*' . • 

Cardboard or wood, with a hole cut about 2" from one corner. 
Size of the hole may vary from about 2" to 4", 

Gravel enough to fill the gallon tin, ' , 

Wire screen - 1/8" to V' gauge. J 

Thermometers 0°C to 100°C. . ' ~~ 

Vacuum pimp (vacuum cleaner). 

Hot plate, . 
Funnels . 

-Support (text books may be used as the maj d#suffport with 
2 strong pieces of wood to hold the gallon tin can.).. 

. - . . :••* » . .' ;_; •• 

.: ■■ ' / 29 ' . 



■ . # ' ' . . . 


•« v t V \ ' 


^ - ,.-.•,.* . 
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THERMOMETER -*" 
VACUUM HOSE- 



PYREX FUNNEL 
WOOD "COVER 




VACUUM CLEANER 

METHOD 



STrCKS-FlRRlNO STRIPS 

-TEXTBOOKS 
PYREX FUNNEL 

■HOT PLATE 



' 1. First., set up the apparatus as shown without the gravel, 
2, Prepare a data table to record the temperatures and times, . • 

Turn on the hot plate; and allow it to heat for about one minute, 
Turn the vacuum cleaner on low. 



3, 
4, 
5, 



Record on your data sheet , both thermometer temperatures each 
minute for 5 minutes . 



6 . After 5 minutes remove the hot plate, With the vacuum device 
still operating i continue recording temperatures for another 
5 minutes . 

7 . Next , fill the gallon tin with gravel (be stire the screen is, 
in place. ) v * ■ — ; 



8. 
9, 



.Repeat steps-! - 7;. , 

Graph' the data - temperature vs. time for each material air 

and gravel-. Prepare a graph for the heating phase and a second 
graph for the cooling phase. " ' 
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^ ^ r . ........ _ 

• -T p Iteat storage using rocks is commonly used as part of a solar 
heating system. You now have data to show how wall such a method works* 

• 4= > ■ * 5 * ■ ' ■ . ■ ■ , •■ ■ 

ESTIONS > V" ; Y v V 

1, 



2. 

3, 



Referring to your graphs, which material, air or gravel 
heated most rapidly? Explain your answer, 

Reftrring to your graphs, which) material air or gravel, cooled 
most rapidly? Explain your answer . 

■ ' '' ■ 

If you were f designing a solar heating system, which material, 
air or" gravel,, would you choose to store the hteat energy you 
gathered?* Explain your' choice, - 



GOING FURTHER 



Heat can be stored by melting a solid, such as paraffin (wax) 
Construct a box with thin sheets of paraffin in trays. You 
must select the paraffin with an appropriate melting point, 
See if you can store and extract heat from this type of 
storage, 

Is there any difference between storage in large rocks * 
compared to small ones? 



How noes insulating the storage container affect its heat 
storage properties? , * 

What other materials can be used to capture and hold heat 
energy? \ * 



i . ■ ; ■ 




31 



4-5 



Teacher Information Sheet 



, ' * •• . ENERGY S f cKRA G E \> •'. 

Suggested Grade Level ted Discipline ■ . ? % , 

\ - ' ' 8th, 9th grade science • "" - ' %' 

Background Information c ^ 

The purpose of this activity is to demonstrate that heat can be stored for 
use at a later time. - In this case, rocks are used, as they are the most common storage 
medium for a hot air solar system* 

Storage can be done in several ways. If you are using a solar collector < 
that circulates water, you can use % large tank of water to store the heat, generally 
1 or 2 gallons per square foot of house* Insulation of the storage tank is very 
important ^ t© keep ' ' ^. 

✓If. you are circulating air, there are several possibilities* One way is£ 
to store heat using the melting process. Such heat* called lament heat or heat of " " ■ «■ 
fusion, c»artgc*s the, state of a solid, such as paraffin,' into a liquid with no change in 
temperature. When such substances turn back in^o p^l±3s they release their'stored 
heat* Another way, used in this procedure, is to store "Hot, air in solids without - 
melting them, similar to that sees in water storage. The amount of heat energy that 
can be stored will be related to the amount of material, an« the properties of the 
material itself. o y s ' ■ 

Hints on Gathering Materials - „ -° ; 

- Gravel is available from hardware stores, lumber yards, and pet shops, 
Firring strips are readily available from lumber yards or school work 
shops (any wood strips of about 3/4" thickness and about 1" to 2" wide 
may be used) . Thermometer holes are easily punched in the gallon tin 
before the bottom is removed. A large nail will easily puncture the 
walls of the tin can. Just give the nail a hard sharp tap with a 
hammer, ; Cardboard should be the corrugated type*two sheets which when taped 
together will provide added strength, The cardboard caver (or wood) 
should be lar^ge enough to completely cover the dpenf'can. 

Suggested Time Allotment * • 

1 to 2 class periods / ' 

Suggested Approach * ■ ** 

Depending on the abilities of the class, this activity J^u\d be introduced 
with a review or study of specific heat and latent ^g§F * £ f students have 
had these concepts in earlier grades, their attention sh©iJLd be called to 
those experiences , The class could be divided into as many groups as * 
there are boxes. . 
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th * h W«? oir »S« Pha««i the bottom thermometer will remain rather . 
• : -5*f^\* , * l0 ** l *» > -* ' «*tiw»d . introduction. ,of heat into the box. The 
thermometer at the top will show a gradual increase in temperature until 
ih^!iL! r l w to *av* ?bBorb*d as much heat as they'can. At this point, 

^ ^i 1 "• M11 "- lathis; lesson, stabilisation pay not 
^•Wained^iBee :hwtttrrirouia hav* te ebntihua for a much lpnS 
period of ttoe, nuring' the heat release phase, the upper theHteS'ter will 
I*h?J;.ri" iVgly " 8ble 8nd the lwh,r thermometer will graduaiS "2. 1" 
t»^ 8 Jl than the reading On the upper thermometer 2nd then 

fall off as the heat is removed from^he air & rocks and ther/ia none .lei 



Precautions 



£ r c ^ p ^ e „ °<**ty 07 i using the hot plate. 



jfedificatiQns 

' - , Nona suggested. 



^-Evaluation 



ExMmiM the- graphs, and ,#he results- of the questions. V Are the conclusions 
reached in the questions, logical, and well developed? 



Have you ivar wondertd why dark pavement gets very hot on 
a sunny day while lighter colored pavement seems to reAain cooler? When the 
sun strikes an object, three things^ean happen. The solar energy can be - 
transmitted throujfi the object, it can be reflected from the object, or 
it can be absorbed by the object, * In thi 3 ac t ivi t y you wi 1 1 examine what 
happens when solar energy Its absorbed, . , , 
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At tha COT^letion of thir activity, you should be able ±or * 

1 o ^demonstrate that solar energy can be absorbed by 

y^: materials and changed into heat energy ♦ ** 

O demonstrate that^ all materials do not absorb solar 
energy at the same rate, * 

A.- ° identify and name the variables that might affect a 

] . simple investigation,. 



SKILLS AND KNOWLEDGE YOU NEED 

.;- v- How to read a Celsius thermometer and a timing device 
i (school clock, stop watch, etc,)* 

How-to construct a data table. • , - 

v '* ■ " .■' • ' % - ' ■ • - 

'1*. ' - . . 3How tW graph data. - 

% -4..- ^ 



MATERIALS 

3 glass or plastic dishes about 10cm in diameter aftd 5cm 
high. v 

■ ■ .■ ■ ■ ■ . v ' . - 

3 thermometers , Celsius scale, range -10°C - 110°C, 
Dry, black soil to fill one dish. • 
Dry , ^hite sand to fill another dish , 

- 200 watt incandescent lamp and reflector with clamp. 

T < Bingstand (The last two items are for those students who 
unable to do this activity in sunlight. ) . ' 

- •> A whifce^furface for the experiment to be done on 



METHOD 




SOIL 



AIR, 



Fill one dish to a depth of about 2,5ein with dry black soil. 
Fill the second dish to the same depth with dry white sand. 
Leave the third dish empty. 



2. Place a thermometej^tn each dish. In the dish with the dry 
V black soil, place bulb of the thermometer just Under the 
surface of the, soil, making sure that the bulb is completely 
Covered wi th the soil v: Do the same for the sand, 

3; Record the initial temperature of the soil, sand and air. 



4, Place the 3, dishes on a table in direct sunlight , 
artificial light is used, place the dishes so that the light 
from the incandescent lamp shines equally on each dish, 

5, Take the temperatures of the soil, sand and air every £0 
seconds for at least 23 minutes and> record on the '-^^^ ^able, 

6, When the data taking is done lift the dish of dark hM^' from 
the table and place your hand under it. Observe whether any 
solar energy is transmitted through the dark soil* Do the 
same with both the dish containing the sand and the dish 
containing the air, Again 'observe whether any solar ^energy 
is transmitted. 
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?* Confftrubt a graph il sing the data collected. Use different 
' ^ 6dlors tor' plotting^ the changes in the temperature of 

^ the sand, rioil and af*. ^ /? 

You hav^see** that when solar energy strikes an opaque 
nfoterial the. temperature of' the --object rises. You have also seen 
that when solar energy strikes a transparent object the solar energy is 

t ^f nsm it ted through it and the temperature rises only slfghtly* if at 

allV When solar energy is absorbed by an object, the energy is changed 
to heat , * t 



QWESTIONS — 5 - " ^ ^ 

1, What happened to the temperature of each 'container as time 
" passed? *' 

2, ^at was the greatest difference in temperature ^between the 
three containers? 

3, Was solar energy transmitted through the container of soil, 

„ sand, or air? • * . - 

4, Was the temperature of the soil-filled or sand-filled * ' = " 

• 1 ; container^ higher than that of the air-filled container? Explain. 

" \\ " " ' • * - , . ' ' v- 

5, * HoW do you explain ; the fact that the temperature curves on 

the graph did not continue to rise but flattened out? 

- * 

6, On a sunny day, why do dark asphalt type roads get very hot, 

- while concrete type, light colored pavements remain relatively 

cool? 

7* Why were you told to uSe one container with only air in rt?* T 
GOING FURTHER 

- Repeat this activity but use b.l^ck ink, red ink and clear 

water. 4 Place .the jars in direct sunlight or under the 200 

% watt incandescent lamp. Record the. tenqier&fures at 30 

second intervals, as before, for 10 to 25 minutes. 
Graph the results of, each jar. Coigpare this investigation 
with the ones iti the original .activity, . • # 
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Teacher Information Sheet 



EXP LOR IN 6 B.A S it P R 0 P E R T I E S OF 
" S^O L A S^EH E R G Y u A B S O R P T I 0 N ' * . 

Suggested Grade Level and Discipline : , e 

.. >-9;8clfe ' ■ <■ f / v.'" \ ; * f :^' 

General Science ■ , - 

Earth Science" . i ' . * 

. ' , 1 ■ ' • - . v • / ■■'> ' , , ■*/ ' \ : ■ 

' - * • ' ■■ , ■ > ,.- , ■. V •. 

Background Information ? ^ 4 * v 1 

This activity is Intended" t^helpf students galnr the knowledge and insights 
into the basi^charaeteristics ©t solar' energy, % It should help *them understand why 
'^olar toll^d^HS ate designed with black .collector plates and transparent glazings* 
JEhls l wjljtj ehajbig. . them to select materials and designs f or their own solar activity^ 

The phenomenon of absorption occurs every time light falls on a surface. The 
light energy is taken into the substance and is changed into heat energy, is seen 
in the temperature, rise of the soil and sand. This Increased heat ener|^^bn) be 
explained as an increase in the kinetic energy of the molecules^ ja the substance; light, 
energy in the* farm of Infrared radiation strikes, these molecules $nd cause's their 
motion energy to increase. The color pf a substance is also dlosely related to 
absorption* Certain wavelengths of light, are absorbed!, others are reflected* Those 
which are reflected produce the color- of the substance. 

fit' 

Hints on Gathering Materials 



• - If it is impractical to use the f sun a$ a; : source of solar energy or if the 
. sun is not shining when you plan to do this activity* 'then a 2D0 watt 

incandescent lamp clamped to a ringstand will work just as effectively. 
- ; v 'i-^-; Place the containers directly under the lamp so that each one receives an 
' equal amount of light*' ^ , ■ * 

; r- ; ^^-/v=vv :<:\;:- / ^ - , 

- v . ,v* :■ • ^ • * • • " v - i; t • - ' ' 

Suggested vtime Ajldfaenti ^ .'■ ^ . 

V-"K'-7 = . , • ■ „ , , 

7 :. f , One t q two class periods to perform the - accivity and answer the questions, 

* . ' ' ''/0fieih4it class < period to discuss the activity. 



Suggest ed Approa ch ^ 

* - Dicuss the way the activity will be carr!e#(otit ^ Assign students to 
» ; s ,,. : groups. If possible, use different soil types in the cans. 
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J;' ."If 



v Have- tlie ^irbuf>4 c#cyj put bailee t their data, J'Afte*/ ^ 

^ frittii data ii^M^ prepare the graphs and answer 

Discuss, as % ■■clart t >t;he remits* Were there any individual result a that 

[.. . clearly stand Aiit; tydm'jX^,;.^^^'-^^ , .Boar are - such, re&ufts t 

" explained by tlie students? ■ .% \ * \ ■ • " 



Can the, students thinf of any practical application of their findings? 
"Have them describe, in writ ingoings they think of. : * 



Typical Results 



Typical results for absprptipn of spl&r energy by the dark soil, sandy soil, 
and the contained of air^ ^re list^ beldw; ■. ■ . . ' • > \' V ^ 



j 



■i~ \ v 




DARK SOIL , 

SANDY SOlji 

AIR 



k4 



6 , 9 TOM 1& 21 24 27 



TIME (Minutes) 




'Evaluation 

='* : ■ Observe studentP skills in fitting up activity, making ^^exva^ionf ^ recording 
/ ' data, plotting jjfaphs, and; ij^tewpreting data. Also obsefve theft skills 
; Tin identifying and cont roofing Variables in an investigation* 



Check the quaMtV df stuf^ 
found to explain .the J 




T§ to the questions and* of hypotheses 



v i=- 
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D ft* A f T - Activity 6 



EXPLORING BASIC PROPERTIES OF SOLAR ENERGY 

REFLECTION 




INTRODUCTION s 

What happens wheii solrnr energy stakes a mirror? How %h that 
different from wh#n it strikes a dapk sheet of paper or a clear pane of »> 
glaas? In this activity you wilLlexamine what* happens when solar jenergy { 
is reflected from ah object, You'will also determine what kinds of 
materials are a gopd reflectors of solar ^energy and what kinds are poor 1 
reflectors. Tb do this you will use a solar .cell connected to a sensitive 
electric^ inet^r^ > * f 



OBJECTIVES " ■ 

At the completion' oV this activity, you *houl d"~i*e ableT'to: 

o demonstrate that solar energy can be reflected, 

= % :\ 

,. o construct a definition for reflection of solar energy, 

o compare the amounts -of solar energy reflected by 

; different materials of a given set, 



name those materials of a given set which are the best 
and those .which are the poorest reflector's of solar 
energy . . 

use a solar detecting device, 



SKILLS AND KNOWLEDGE YOU NEED 

How to read an electric meter or pyranometer, 
- How to record data, 

* 

Understand the definition of a pyranometer. 



MATCRIAlyS 



■i 



A pyranometer, Qr a solar cell connected to a galvanometer or 
milliammeter , 

Squares, 5 centimeter^4^n^ : a?lside l of flat glass mirror, flat 
metal mirror, a 1 uminum-Jf b i t?? flat glass, black construction 
paper, various colo^d construction paper, white typing 
paper, pans of water 5 ", dark .dry soil, sand, concrete pavement, 
grass, a large green>;l«k§4*' 



200 "watt incandescent lamp and reflector, with clamp* 

Cud 

■2 



Ring stand (The last two items are for those students who are 
unable to do this activity/ in sunlight . ) 
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METHOD - 

-■■■<■';! * 

1. Place the first material to be tested flat on a table top in 
the sun. Place the pyranometer close to this material, on 

the opposite side from the sun, and in such a position that the 
solar _ cell is receiving fihe reflection from this material. 
Position the pyranometer so that it shows almost a full-scale 
deflection or so that it receives as much reflected light from 
the test material as possible, (An artificial light may be 
substituted for the sun if necessary,) 

2. Leave the pyranometer in this same position for the rest of 
the activity, i 

3. * Remove the test sample and replace it in turn with each one 
",V<6f the test materials. 

? * y ■ , = * * 

Record the reading for each material in the data table, 

^. . 3o Arrange these materials in, order from the best reflectors to 
the poorest and place on data table, 

6, Arrange construction paper colors from the best reflectors to 
the poorest and compare the results. 




1 : 
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DATA TABLE 



MATERIAL 
FLAT GLASS MIRROR 
FLAT METAL MIRR6V 
ALUMINUM FOIL 
FLAT WINDOW GLASS 
CONSTRUCTION PAPER 
BLACK 

RED * 
GREEN 
BLUE 
YELLOW 



READING 



MATERIAL 
WHITE TYPING PAPER 
PAN OF WATER 
DARK* DRY SOIL 
SAND 

CONCRETE PAVEMENT 
GRASS 

LARGE GREEN LEAF 



READING 
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LOOKING BACK 

You have discovered that one basic property of solar energy 
ig its ability to be reflected. Different materials reflect different 
amounts of solar energy, just as other materials transmit or absorb 
different amounts . You have also discovered what kinds of materials are 
good .reflectors and what kinds are poor reflectors, 



QUESTIONS 

1, Of the materials tested, name the three best reflectors . 

2, pf the materials tested, name the three poorest reflectors, 

3, of. the materials tested, Were there any that did not reflect 

at least some solar energy? 

• ■ * ■ * * > . ■ ..■ 

4, What probably happened to the solar energy which was not 
reflected? 

5, How could you use what you've learned about the reflection 
of solar energy to get maximum heating of your house from 
solar energy? 



GOING FURTHER 

Try some other materials to see whether or not they reflect 
solar energy and whether they are good or poor reflectors . 

How would you design a house that uses- solar energy for heat 
in the winter and that keeps out solar energy for coolness 
in the summer? (Answer in detail,) 
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' ... 
Tteaeher Information Sheet 



EXPLORING BASIC ''PROPERTIES OF 
SOLAR ENERGY i REFLECTION ... * 



Suggested Grade Level and Discipline 



7-9 Science 
General Science 
Earth Science 



Background Information 



_ . Thi P activity is intended to help students gMn the knowledge and insight into 

the basic characteristics of solar energy that will enable them to understand solar 
design. It should help them understand why such items as solar collectors are designed' 
as they are, and it should also enable their to select materials and designs for their 
own solar activities. This activity examines reflection of solar energy; two ethers 
Mil examine the properties of absorption and transmission, 

A solar cell pyranometer can easily be made by connecting a solar cell to a' 
miliiammeter or to a galvanometer* Since the main purpose of this activity is to compare 
relative amounts of energy reflected and not to measure these amounts, there is no need 
to, calibrate such a ,, home-made i, instrument, (Perhaps it would be .better named a solar 
cell comparoraeter.) Since the same meter is used to take all of the readings; And since 
the readings are used only to compare the solar energy reflected by different samples 
the numbers alone are enough to tell the story. The higher the reading on the pyranometer, 
the greater the amount of solar energy reflected and the lower the reading, the smaller 
the amount. * 



Hints ftn Gathering Materials 

: *f y° ur school does not have a pyranometir; q^e can easily be made. 

a* A solar cell, lcm x 1cm, delivering 22 ma at .45V. This will 
probably have to be ordered i so allow time for delivery, 

b. A miliiammeter, range 0=15 miiliamperes, D,C. or a galvanometer. 
These items are probably available from, the supply cabinet. 

To construct this "solar cell pyranometer* 1 , simply connect the leads 
from the solar cell to the terminals of the miliiammeter or the galvanometer. 
You may want to secure the cell to the side of the meter with masking 
tape, since the wires attached to the solar cells can easily be separated 
from the cells, - • ■ 

A thermometer whose bulb is covered with , copper plate painted with flat 
black paint can also be used , 



X 




Suggested Time Allotment 

- One class period to perform the activity and answer questions. 
One-half class period to discuss the investigation. 

Suggest ed Approach 

If enough pyranometers are available then it is suggested that students 
. work in small groups (3 or 4. students) to perform the investigation* 

toother possibility is to do this activity in conjunction with the two o the 
in this group, "Exploring Basic Properties"* and to set up a few stations 
within the room for each activity. This would help to reduce equipment * 
demand* Given adequate time to perform the activities at one station * each 
group could then move on to another station, 

■'- When the activity is completed* the class as a whole can compile lists of 
materials which reflect or do not reflect solar energy* and place the 
materials in order from best to poorest reflectors* At this time any 
discrepancies between individual and class data can be discussed, as can 
the questions at the end of the activity* 

" ft 

Typical Results ' . 

* ¥ . 

- The values for the reflection of solar energy will vary from group to 

group. Discuss the possibility that some solar energy (or light) should 
shine directly onto the solar cell without being reflected* Consequently* 
the pyranometer would record not only reflected light but some direct 
light as well* 

" - ' .. • 

r The variation in group data should provide a good opportunity to 

introduce and discuss the identification and control of variables in 
an investigation. An important uncontrolled variable in this activity 
is the lack of calibrated scales, which may be a major cause of the 
variations* 

Precautions ' 

The solar Delia ore delvaatej especially the attaafvnent of the leads to 
the cell proper* Re^soldering the leads can he triaky if they a)?e broken 
off* It ie suggested that the solar cells and the leads be taped on 
to another object (perhaps the meter or a flat hoard) before use. 

Modifications i 



Due to weather uncertainties, this investigation is designed to be 
carried out in artificial light if necessary. A 200 watt incandescent 
lamp with a reflector will perform just as effectively as sunlight* 



To prevent or reduce the possibility of any direct light striking 
the solar cell of the pMranemeter, mount a 20em % 20cm piece of black, 
construction paper as a {curtain between the energy source and the 
solar cell. At the same time, blacr construction paper can also be 



placed in the area around the pyraflfcmeter and tffe test materials to 
>rV reduce to a minimum any unwanted rff lection. 



Evaluation 



Observe students 1 skills in operating the equipment, in making observati 
in recording, classifying, and interpreting data, and in identifying 
and controlling variables* , 

Check the quality of the answers to the questions and of hypotheses 
formed to explain the data. 



• DRAFT- Activity 7 

EXPLORING BASIC PROPERTIES OF SOLAR ENERGY: 

TRANSMISSION 




INTRODUCTION 

What happens when solar energ^ strikes an object? There are 
three possibilities : 1) The solar energy may be transmitted through the 
object, 2) it may be absorbed by the; object, or 3) it may be reflected 
by the object, In this activity you will examine materials to determine 
whether or not they allow solar energy to pass through them. You will also 
"determine what kinds of materials are good transmitters and what kinds of 
materials are poor transmitters. To do this, you $111 use a solar cell 
connected to a sensitive electric meter. 



317*001 O » 7S - 4 
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OBJECTIVES > 

At the complitlon of this activity, you ghould be able to: 

o identify anB name those materials of a given set which will 
transmit solar energy and those which will not, 

o demonstrate that solar energy passes through some materials 
but not through others . 

o compare the transmission of solar energy through different 
materials by using a solar cell and a sensitive electric 
meter, 

o construct a hypothesis explaining how some materials are 
able to transmit solar energy and others are not, , 

L 

i - 



SKILLS AND KNOWLEDGE YOU NEED 

How to read an electric meter or pyranometer. 
How to record data. 



MATERIALS 



ERIC 



Pyranometer » or a solar cell connected to a .galvanometer or 
milliammeter . 



Squares, 5 centimeters on a side, of window glass, plastic 
sheets (clear, red, blue, yellow and green), waxed paper > 
frosted glass, tissue paper, composition " paper , cardboard , 
wood, aluminum foil , copper sheeting, a mirror, a leaf; containers 
of dark soil and of water, a pair of eye glasses, and a pair of 
sunglasses 

200 watt Incandescent lamp and reflector with el^mp, 



Ringstand (The last two items are for those pupils who are 
unable to do this activity in sunlight. ) 
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TRA^SIUCINT 
MATERIAL 



MILLIAMMiTER 



METHOD 

1.. 

2. 

'3. 



5. 

6. 



Position the solar cell of the pyranometer facing the aim , 
(or the incandescent lawp) so that the meter showji almost 
a full seal^def lection (maximum reading). 

Record this Treading as the initial or beginning reading in 
the data table. 

Leave the pyranometer in this same position for each reading of 
the spt of materials being investigated. 

Hold Jeach piece of material in turn over the solar cell of 
the pyranometer, 

Record the reading for each material in' the data table , 
Group the materials into two groups: 
a 



Those materials which allow at least some solar energy 
to pass through according to the meter* Arrange these 
materials in brder from the best transmitter to the 
purest* . „ 

Those materials which allow no solar energy to pass through 
according to the meter* « 



4». 



Identify those variables (factors which may influence an 
experiment) which you(^i>£nk might have affected the reading of 
the meter* Make plans' to control these variables and repeat the 
investigation. Compare the results, • -• 
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data' tee 



INITIAL; READING 



'.<V 



MA1^R:IAL 

WINdW^LASS 

PLASTICv^HEETS ! 
CLEAR 



RED 

BLUE r .: 

YELLOW 

GREEN . • 
WAXED PAPER 
FROSTED 'GLASS 
TISSUE PAPER * 
COMPOSITION PAPER 



BEA1UM 



KM . 



MATERIAL 

CARDBOARD^ 
WOOD 

ALUMINUM FOIL 
COPPER SHEETING 

MIRROR ' 

' '■ -r .. 
LEAF 

CONTAINER OF! 
DARK SOIL v , : „ 

^ WATER 

. EYE GLASSES 

SUNGLASSES 



READING 



\ 1 ''-ij 
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LOOKING BACK ; - ^ ' 

. ' . ' • ■ . ■J;Jr ■ »• 

)' . You have discovered that one property , of solar' enesgy Vis 'thaV 

it can^be transmitted, through some materials, but -not: through • others 
Knowledge of which materials are transparent, -translucent^ 6r opaque 
- to solar energy can be . useful when di scussing- solar energy and its 
applications. For example, in the winter yomwoul^Want the south- facing 
windows in your home to be transparent so that 1 / solar energy would be. 
transmitted through them intdiypur home; but in the hot summer months 
you would want your windows covered with an opaque material, to keep the 
solar energy out. In the wlnt^r^:; thi§ transmission df solar energy would 
warm your house; in the summer,: the absence of solar energy would keen it 

COOl, :'■ - 1 

Questions 

1. Why was the pyranometer left in the tame position for all the ' 
. readings in the investigation? A ■ , • • , - 

' :. , • ' ... : • , , ... ' 

: * According to your results, which materials are goodr' transmitters 
. /,.'. '• Pf solar energy? V/hich are poor transmitters? V 

■-. . ^•*'\ > ^^./C{ioB , !i^ittate , tlals tested %Kieh , do not ^transmit solar . ' 
'"v ■; v .* " «ne'rgyf,; v ; f ' /. ...>;,/.. ' — _ r _ ~ ■ ^ 

4, Construct a definition for the word ,, transIpit ,, as' it applies ' 
to solar energy ^ - i • , . i ,.. 

5, Define 'the words. ^"transparent", "trans lucent'"'-, .'and "opaqu-e". ;/\ 

6, Name 'several mateiials which are transparent, seva»l which • 
are translucent, and several which are opaque to solar energy. 



1 - • In building a house, wher^^re materials used which transmit 

* solar energy? Explain* - 

%fs } . 8 ' In building a house, flrfiere are materials usedv, which' are 

^'v'Aft* opaque to solar enerrgyx Explain . 



JQOING further 



Repeat the investigation using materials other than those 
given or try using combinations of materials in the set given. 
For example, you might try combination^ of thfe colored plastic 
sheets - red. and blup, red and yellow, blue and yellow, etc. 
Compare this data with your original data. 
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Construct , an vjeiperiment to determine if reducing the glass 
area of a car, parked in the sun on a warm day has any effect 
on the t ei^erd tur^^ins i de the closed car. 
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^^^^ lf? L |0 R OF, 



and Discipline 




This activity Is 'intended to help sit uden|g^ gain the knowledge and Insight y ' 
of the paste characteristics of solar energy that will enable them to under- 

It should help them understand why such items as solar collectors 4* 
they "are, and ft should also enable thim to select materials and designs^ 
>lar;actlvitles. . ^ {' ^ ^ ... f ^ 



to 

to 



■ y " K 



cell pyrsnoaeter can easily be made by connecting a solar cell 
a milliameefer or to a galvanometer* Since the main purpose, of this activity is 
co^?^r^l4t-lv^-"aaouiit»- of ^irgy<?traii0Mtf£dr a4id # not • to Tnea^ure- these amoun^l / 
there is to need to calibrate sucfi" a M home-m^da ? \ instrument; (Perhaps it would be 
better nataed a solar cell oomparoniefcir,) Since the same meter is used to take all of 
the readings, and" since the >eadings art used only to compare the solar energy transmitted 
by -dttt ere^t samples, the numbers' alms are enough to tell the' story, The higher the 
reading- on At pyranometer, the greater the amount of solar energy transmittetT and the 
lower the reading, the smaller the amount that is transmitted* 3 f 

. - • • y %. * ; * "\ 1 . fi , . ■ 

Use of a galvanometer at 
anSinstrument when the solar cell 



cached to a solar cell may create totf* sensitive ' 
£s angled directly into the sun, This may cause 
more than a full scale reading on f the galvanometer when^ysing the best transmit ting 
•materials. If this occurs, the" solar; cell should be deflected from the gun * 
Just enough to give a full-scale readin^ith; the best transmitters. - 

r Solar cells are highly efficient silicon ^gj^-eond^tor devices which 

convert light. directly into electricity. When exposffl to light, each cell prodOfees 
^approximately, the same voltage Jf^tween "its two terminals, 'When a load is connected 
between, the two terminals , the voltage ditf|erence causes a flow of current, This current 
is caused by the formation" of "hole-electron pairs" by the absorbed light photons*. 
Accordingly, the amount of current will depend on the amount of absorbed light, which , 
g^iat twc$i+ ia_ dependent on the incident light intensity as well as the surface' area of 
the solar cell. (Solar cella. may be interconnected in series to provide higher voltage, 
in parallel to- produce more Aurrpnt, or both.) 



s * 
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^ B ^oti on Gathering Materials 



S 



If your school does not: have a pyranometet, lime 



can easily be made. 



a* A solar cell, lem X IcS^ delivering '22 ma a£ ' .45V. This' will 
probably have to be- ordered, so alldw time e for 'deliver*. - 



b* A millismmeter> range milliamperes, B.C. or a galvanometer^ 
These items are probably' available from the SjuppJLy* cabinet otvialf 
the physics teacher, : ■ a *->^ * "•' -if.; .='• ' ' ^ 

To construct this ''solar cell pyranometer", simply 1 connectf the lAds frfm* 
the .solar cell to the terminals of the milliammeter v on the galvanometer. 
y? u J^X want te i secure the cell to the side of the met ^r with masking * ■ 
tape? since the wires attached €o the*solar cells can easily be separat'ed 1 
from the cells. v - ■ * ... ; ■« ."' **• # • 



- ■ p 

Suggested Tim^ Allotment 



One class* period to perform the activity and answer questions, 
One^half class period to discuss the investigation, J 



1 



Suggested Approach 



If equipment is limited then this activity is best done as a teacher ^ 
demonstration*/ V ■■ * *m 

*; -If enough pyranometers^are available* then It is suggested that students 
work in small groups (3 to 4 students) to perform the investigation. 

When the activity is ^completed* the elasstas a, whole can compile, lists of 
materials which transmit' or are opaque to solar energy , and place the 
materials in order from best to poorest transmitters. At this time any 
discr s ep"ancies between individual and cTass data can be discussed s as 
can the questions at the end of the activity. 



Typical Result^ , 



The val'ue^yfor the transmission of solar energy will vary from group to 
group as 'a* Result of several variables, especially the lack of a calibrated 
scale, . This should provide a good opportunity to introduce and discuss j the 
identification and control of variables in a*h investigation; L 
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felons' 

'» - «#i2»if 08p*a4ally the attaahmentiof the leads to the oell proper, 



^&P£o<rt0* J^wSSirtn^ tto i^dfswi W if; m fasten oJX 

. * * ^ e^pv w (pj&Wp8 tte mter or a flat board) before um, \ 

Modifications t * "... ; • 



% " ' ^%** , * e * ther uacwtainties, this investigation is designed to be carried 
^^..^,*:MVt-.ixk artificial light if necessary. A 200 watt incandescent lamp with : 

~+ '+'*^*sip%&iUpextovm just s*. effectively as sunlight. 



- ■ , »• • , - 

initiation * Y '■'''» 



" - y , .P^W.."tiW.«^t. , .?skWil8 in operating the equipneat, in making observations, 
V in recording, classifying, and interpreting data, and in Identifying and 

contromlng variables, ••*' 



. ... -V^ ■ . - . ■ ■ •.. 

Checfi ehe quality of the answers to the questions and of hypotheseg formed 
Ho-explrttt -the^-data-.-----— w ----- - - * • — — — 



4 %r 
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O R A F T ■? — activity 8 



THE HEATING AND COOIIMG OF OBJECTS 

BY RADIATION 






INTRODUCTION * 

Have you ever stood near a radiator and felt warm? How does 
the radiator cause you to be warm? The name, radiator, means that the 
heat energy reaches you by a process called radiation. 

. ; In this activity, you /will investigate a form of radiant 

...... energy as it affect* two objects . After you complete the activity, 

- ' . see i£ you can describe radiant energy. 



8-1 
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At Chf coi^#Ci0n ott this ;. activity $ yoU should be aljiLe to; f 

o cgnpars th^ rates at which ,. two cans . ome fa laek md 
the other shiny, absorb and radiate heat energy, 

0 select a, color that would be best to use as a solar 
energy absorber in a solar collector. ^ 



SKILLS AND KNOWLEDGE YOU NEED 

How to read a thermometer, 

- ■ How to graph the time and temperature , data on a simple 
line graph. 



Materials 

- - A source of radiant energy, such as a high wattage lamp, 

Two thermometers (»10°C to ilO°C) , 

■■• - Two cans of the same size and substance, with some type of 
cover, one painted black and the other left shiny. 



Corrugated cardboard, - > , 
A clock with a second hand, 
Water at room temperature * 
Hot water at least 50°C*V 





THERMOMETER 

CORRUGATED CARDBOARD 

WATER 



FIGURE 1 



METHOD 

1 . 



3, 

4, 

5. 



Fill the two cans with equal amounts of water at room 
temperature. 

Obtain ajiiece of corrugated cardboard cut slightly larger than 
the can top. Make a hole in the center of the cardboard with 
a pencil point slightly smaller than the diameter of the 
thermometer. Carefully insert the thermometer in the hole so 
that there is a snug fit. Repeat for the second thermometer. 

filaee the thermometer and cardboard lid arrangment on each 
can. Adjust the thermometer so that the bulb of the 
thermometer does not touch the sides or bottom of the can 
See diagram 1. , . - . *.. 

Place each can 20cm from the "heat source. See diagram 2. 

Record in data table 1 the temperature of the water in each 
can. '.' 
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SLACK CAN 



€1 



CAN 



i 



FIGURE 3 



ERLC 



?vr - . . 1 . ' - 

i= - . . • v.- ' ' • 

r . .... . . , : . - : . . ,', ! ' X^tfj. "\\ ^y^ r \ !i ! >,V ** J^V* ; '$ * " • •• .. \ ■•• t . 

6. ■" Tim tin- to^ tha te^erature of the 

i»t©r in ^jteitt^T*^]^;" ^i^ttut a © • for about thirty minutes 

\ ^ : " : Record this j ^ Eto^^ . - ;■ : .' / : 



7* At the end -oil' 1 ' ^St^t^fc^:^ Vn^^c^^iiB W ^i^iabve . the heat source, and 
-graph, your /rjl-Hl$^^ 

.:; > . SM^\^rK' ; : : i"; : ^^' - - •. .' 

8, Next, empty #flfct_S<^^^ fill each of them with e£[ual 

amounts of ttti£ w^^'-*' *• ' % ' : ^jjk^il " 

9> Using the ^ as before f record 

the temper^fr^^ o^ ^ in each can every 2 minutes for 

40 minutes a&'y. th0';^4^p;'^6p 1 s . See diagram 3 . \ * 

10. Graph the i^^^i^^^p^- fch^ ; poo 1 ing off the water. 



LOOKING BACK 



■t: • ;;»•. 



Differei^fc':.^ Absorb and radiate heat energy at 

different rates . )•■ .iKho^ltl^ -^ijch Acirids of substances absorb heat energy 
the beat apd which' / ki^4^ - *ftdi-at^ i t the best should help you in choosing 
which color of plothe^ ;;tp<jtia&k ^n cooler weather It also explains 1 
certain cplors are*. W of solar panels-- 

^question? • ^ ji v- / 10 " I ^ ;, v 

^ ' 1, Which t>f ' ' th^ : ^Aha 'absorbed 4 the tito&B' Hea t eri^gy ? - Explain : 

/ ■ - 2> Which of the' canB Radiated t^e mosfcV^^pte. . enettjp?,- fixp-J^in. 

^ 3V Why ^i:yp;u-thW the par t $ 4 of a • 3 q lar c 6Sip pj^or : - ^an@ 1 

>* t t \' * •/ that ^bs.oifb/ heat energy are usually paihjCjii^l^ v 

4. Whi^h CO^rSr 'W^id ;be better t. n ijgkf -in; t|ip AitTTp^y .yhisf p or 



bl-^k.^. ^^/gXTplatolyp^r. answer.' ^ \ 



f. . . 



GOING FU RTHlf*^ i V?,--';; ■" ^ :., :. ■ ^^^Mh^Xi%M- 

V ; ~ Repeat ^ using etnpty cans. Oiys reas^ 

■ \ dif f ierettces in r^sttl ts that you might observe* '. -\' ■." :v ^' ,x, ' f 
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Repeat the experiment using different distances of the heat source 
trial. Expl 
:gy absorbed. 



for each trial 8 Explain the effect distance has on the amount of 
iieat eneri 



Repeat the experiment using the sun as an energy source, 



' 4 * ; 
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.MM TABLE 1 



7* 



TIME 



"a — 

0 

2' 

4 

6' 
8 

10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 



y ■ 



BLACK, CAN 
TEMP, (OC) 



SHINY 
TEMP 



' DATA TABLE 2 





Tifep CK (8^ 

TBnPi \ W W 

* • ■-• 


TEMP • A V L/ 


• 0 


■• . * tt" ; w ., 
, '* A : /', '' .^.V 


" '■I m 


. 2 






! 4 • 


■ 


' 1 


6 . 


■'■ \ " - . • - 




8 






10 






12 : 

14 




y ♦ 


ifi. 


i - 




24 

26 . / 






28 






30 






52 v 
34 






:V 36 






38 
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v 2 OBJECTS B Y RADIATION : ■ " V ';"' : • • " [/ 



% Suggested/ Grade Level and Discipline 
^ ^r^yaicil Science : ^ 
Background Information V-V 



f 



4 Hadlatioa is a method of heat transfer in which the hiiat travels in the 

I iowftpf electromagnetic waves. Heat can travel through a vacuum by radiation only. }" 
The light coming from the sun is an example of radiation, Ml warm objects radiate 
heat energy, and at the same, time receive this energy from other objects in' their;!' v!*^: 4 
surroundings. When an object, absorbs energy its temperature rises, and when/ it emits 
energy its temperature drops . _ ^ .</}.: ■{; '*< 

Various substances radiate energy more ranife for example^ 

if-a silvered container were filled with hot water thfe :hea* would not escape very / ; 

q ^^f y .^3"^ r ^** a 1**4} * a . i a € laGt L® d W B P^^, 0^ti^ such as/jshlny metals/ v 
ISCcoiiiparisdh, a blaW^onSSl 

reflect this energjr as weii. - V . V;/ • 

. *.v % Black is Mown as the super-absorber. This is because it absorbs light 
of' all; wavelengths . when it absorbs the light energy , the molecules composing the "! 
black material speed up. The increase in the speed of these mojecules leads to a rise 
in temperature. Therefore, light energy absorbed by this blaelc substance becomes heat 
energy. On >the other hand, shiny .or white substances reflect almost all colors of the 
electromagnetic spectrum, and therefore do not experience such a large temperature . % 
change, 

-f. This is the reason black is best worn in <bld weather, since it takes 
in more light energy and changes it to heat, and white is best worn^in hot weather, 
since itr reflects light energy. This phenomenon also v explains the use of black in the 
construction of solar collectors. Thai top is covered by a transparent plate of glass 
or plastic, which allows the solar reflation to pass through, and the back 
blackened in order to absorb asmuch solar radiation as possible, / \ f 

" • ' *>;■ ■ " ... ( 

Hints on Gathering Materials fi ' •. • ^ 

Several weeks before the activity is to be done, collect aluminum soda, . 
' _ %i cans. Remove the paint from the ones which are to be shiny, and use 

flat black paint on the dark cans. 
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Surfeited Tine Allotment 



One class period t4$ minutes) to So first parfct of the activity oi|>-V* : i 
- measuring the, sate of absorption of radiant an©£gy* 'y ... 



One class pwiod td da the second pa 
the rate of radiation of heat ener 

' / W. s v ; '. .". ' * ... 

One class period to discuss the resu 



uof. the experiment on measuring ^ 




Suggested Approach >^X; : , t> , ; . . .,■ , ; .... 

; — . Divide the class into groups of two or ^^ki ' One student should be, 
, v ' responsible for timing y while the others one 6t two/ are responsible for 
reading the temperatures and recording t?hem, • . r 'y^S * 

'* Onlees/the period '3.8 more than an hour long y it would be best to have 
vs" students do the,* activity on absorption one $ay arid jjhe activity on 
/ radiation the next. ; ^ 



Typical Results 



f m ,If inhere is difficulty in obtaining an adequate number of heat sources, 
< have half the* class 4o the activity, measuring the rate of radiation, 

jfhile the ^dther half measures the tate of absorption. The next da|r the 

students should then do the opposite activity. 

; A demonstration of the apparatus will facilitate the activity. - 



y 



In both of the activities, remind students that when the initial' temperatures 
are different that it is tht change in temperature that is important. 
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Th© graphs above are e 

i ■ 

Precautions * 

># careful pourwg the 



es* of actual student data, 




>a*er* 4 container with a wpout should be 



• * - Remind students not to\^guch the heat source. 
Modifications 

This activity s cquld be done using different substances in the cans or 
using^iiifferent colored cans, 



Evaluation 



V 



Check the • students 1 data* graphs^ and answers to the questions, 
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INTRODUCTION 



. '/:> With, the rising cost of : fuel , ! the cQn^grv^tl^n of energy has 

become very important . faiethod of conserving;; f energy is to better • 

'insulate bur buildings . ; *'^at can enter or esca^e^ through walls and 

windows . -. ' -It ■> ..-V. . \ 

- * i * s • !*$».■« t, ',•.,= 

_■..*" . K - • . «-> : . ' ' * • , ; ; 

In this activity,- you will be comparing various insulating : ,: ^5 
materials as to their ability to keep 'heat* ir\ and out, ' 1 . : » 

. : .... .• • . • ... .v .. . — • . / -A. . .jH . , 

ft . 
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OfiJECTiVES 



At the completion of Part r of this experiment you should be 
able to: , 

o compare insulating materials to keep heat out using 
temperature data collected, , ..,-7 ... 

b use this .information to determine the best insulating 
. -. 4 material to ke%p heat out, 

At the completion „of Firt^Hb.o£ this experiment you should be 
able to: | : * 

o. y compare insulating materials to keep heat in using 
, temperature, data collected* 

1 • » . 4 

0 use this information to determine the best material 
to insulate against heat doss, * - 



SKILLS AND KNOWLEDGE YOU NEED 

, * - Hot? to read a thermdmeter, 
How to ere 



MATERIALS 



Three soda cans of the same size , and color. 

Three thermometers (-10°C to liO°C) . 

A clock with, a second hand, 

A source of radiant energy, such as. the sun, an inPfared lamp, 
or a heating coil. 

Hot water. 

Various insulating materials, such as fiber glass, wool, 
sty'rofoam, newspaper, or aluminum foil. 
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a * - 



CONTROL 

. Enwrapped) 



J^ERMOMETER'°C ^ 




SODA CAN 
WRAPPED 
IN INSULATION / 



RADIANT 

ENERGY' 
SOURCE 



SODA CAN 
WRAPPED 
I0.INSULATION * 



.A * 



METHO^^ART I 



2, 
3. 
V. 
5, 

6. 
7, 



Obtain two types pf insulating materials ^pd dbver one can 4 |f\ 
entirely with one type of material and the second can with t . x 
another material, (Make «ure the top of each, can is wrapped. ) 

Identify ekch can by^the type ^of insulating material used* 

■ ~ • . V -« ,v : ■/ * 1 ■ * ' 

Che unwrapped can should be labeled' CONTROL* : ^ 
• $y 

;g the three cans about 20 centimeters from ,t|ie heat source, 

Iris eroy- the therifaometers" through a small f -Hole in the top of 
each' cot * Use a rubber . band wrapped abound tfie thermometer 
to keep the thermometer "suspended so fihat it does not touch 
any part q£ the can, * 

Record' thefrte^e'raCure o£\eaeh can in Dj&ta Table 1, 

Tlnrn on the heat source or place the cms In the sun md^spcord the tenp= 
erature In thfixthree cans every two minutes for twenty minutes. 

At *he end of twenty minutes remove the heat source 'and graph 
the results on Graph J, ^Use different colors for the three 
differen.t lines, * ' ■ ' * 

Save your cans for" Paj-t II, 
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^ DATA TAP 1 

INSULATION FROM ABSORPTION QFRADIANT ENERGY 
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IN THE INSULATING MATERIAL fHAT YOU USED, 

► ^ " *• - 

^ ■ 
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r DATft^t^LE 2 , 

I^ULAJING' AGAINST HEAT LOSS 



.a. 
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CONTROL 
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*WRITE IN*THE INSULATING MATERIAL THAT YOU USED, 



•A 



I 



v *■""=.. 
. i 

; * 



0 



9-5 



V 



THERMOMETERS (°C) 




METHOD PART II 



" SODA CANS EACH WITH A 
DIFFERENT KIND OF INSULATION 



2. 



Fill the three cans used in Part I carefully with hot water 
to one centimeter from the top, L 

Insert * the thermometer into each can of hot water* once again 
-being careful not to touch the sides of the can, 

3,. t Record the temperature in Data Table 2, 

4, Continue to record the temperature every two minutes for 
twenty minutes, * 

5 ¥ Graph your results on fcraph 2 u^ing different colors for each 
, can, ■«■ \ 

6. If there is enough tim% and your teacher permits, repeat this 
activity using two or more types of insulating materials , 
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LOOKING BACK 



It is extremely important to make sure -ijhat your house is 
properly insulated. If it is not, then large amounts of energy are going 
to ba wasted. You have discovered that the choice of insulation material 
can be very important in preventing the loss of heat during fhe winter, ' 
and the absorption of heat during the summer, 

* - * * • 

QUESTION S 7 

1, What general conclusions can you draw from the graphs? 

2, From the materials you tested which material was the best 
insulator against the absorption of energy? 

3, From the materials you tested which material seemed to allow 
the least amount of heat loss? 

4, Was the same material the best insulator in both cases? 

5, Compare your results with the other members of your class. 
From the collective data* determine the best insulating ? 
material against both heat loss and heat gain. 



GOING FURTHER 

Find out what type of insulation you have in your house. Does 
it seem effective? 

Go to the library and find out how insulation is rated as to 
effectiveness .* 

Visit a lumber yard- and gather information on insulation, cost, 
and R factor, 

"» What would be some methods to protect your house in the summer 
from the sun's radiant energy? \^ 

Find out which types of insulating materials are used in 
building today. Which type seems to be the best insulator? 

t Describe any hazards to using various types of insulators. 

Have a Cool Cube Contest, 3 The project is to design a container 
to keep an ice cube cool. Students are given the problem of 
determining whose ice cube stays .the longest in a container ^they 
built, (Thg problem, however, is that the* J>est containers S 
i^ay hold the ice cube for 14 to 15 hours*. )^ ^ fc , *• '•■ 
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Teacher Information Sheet 



9-7 ' ',, 



, INS U*L A T I 0 N r CAN IT -KEEP HEAT IN. AND OUT? 

s 

Suggested Grade Level and Discipline . 

Middle School Science 
9th Grade Science \ 
Physical Science * 

Backg r o und 1 njE; bgmajj, o n 

Insulators are materials used to reduce heat transfer , They prevent heat 
leakage through building walls and windows. It is estimated that a 20% savings could 
be realized by insulating attics. According to John .Fowler,* "most homes built before 
r965 had only of insulating materials in the ceiling, none in the walls and floors, 
and plain windows (only about half of all single^ family homes currently have storm 
windows). Current practices call for 2- - 3" of insulation in the walls, 4" -6" in. the 
ceiling- An EPA report estimated that complete retrofitting of one third of the existing 
homes would save 0,5 x 10 15 BTU's", A BTU, British Thermal Unit, is an engineering unit 
for energy measurement,^ Tt is the amount of heat required to raise the temperature of 
one pound of water one Fahrenheit degree* * v - 

' ■ & - - 

The proper choice of insulating materials is very important tq^ the overall 

conservation of energy. Not all materials are effective insulators, 

* . j 

Hints on Gathering Materials ^ 

Several weeks before this activity is to be done , begin collecting soda 
■ . cans, ~ - t * 

Have students bring in various kinds of insulating materials , Check with 
^ a store that sells insulation to see if they will provide you with various 

samples of insulating materials, % 

Suggested JTime Allotmejit - * '* 

Two class periods (45 minutes) to do the experiment, 
- One class, period to discuss the results. 

Suggested Approach 



4J 



Divide the class, into groups of three. One student should be responsible 
for the timing | and the others "should be in charge of reading and recording 
the temperatures. 



*Fowler, John M, ^, "Energy Conservation Homes and Buildings," Factsheet, #9 s National 
Science Teachers Association, (Available ' from the United Stages DepartnjEmt of 
Energy, Technical Information^ Center , Box 62, Oak Ridge, Tennessee 37830) 
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Have a variety ©f good and poor insulating materials available, ' 

Have ta guest speaker iome in to .talk at out home insulation, This could be 
a builder in the area,-. = - " , ■ 



Typical Results ■ *'\ * - f r 

The* graphs .h.elow are examples of actual student 1 data* 



Absorption op. Heat Energy 



■I 



Prec autions A 

• . ' \ careful using any eieoiribai source,, 

. ■=-, ; Be careful tihen pouring t hot water* A coffM^keoi^QF and a teapot 
are uaeful r [. v " ,^^1^ ' - ' =; V ; : ' 

- yafee the kawal; preoauHons in ming the tn^^^et&VB 
Modifications 



Students could tes t various heat sources^ <^Eerent cans^ and different 
contents.- . of the cans (air water) ♦ • " ^ ^ ^ 

A possible variation would be to study t^e^^^it lopB 'or heat; gain over 
a longer period of time. The first 'cla$$0Q\£L& ;ie±( up fi^^kperiment and 
the following classes could continue C^te&ffrct ^# datarl^sults could be 
presented and discussed the following d^ijrc* 



Evaluation 



6 Jfce questions « 



based on the 



Check the students ,; ,tab|fesi graphs, ajich 



Ask the students to describe a practical ap§ 

information they gathered. If the principt^s^^K^iieribed accurately 



the Jea#pb il i t y of "the application is not imf^t^nt 






'4 



f 1 



i -i . : "V* •■. .*.. 



Li 



'ft*/- 
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DRAFT - Activity 10 



LET'S PUT SOLAR ENERGY TO WORK 




INTRODUCTION 

The aim is a great source of energy. Most of you have probably 
experienced energy at work as you 1 lie in the sun on a summer day. Just 
imagine what it would be like if you were able to capture that energy. 
Perhaps solar energy could be a solution to the energy crisis 

In this experiment you will try to collect solar energy and, 
examine its effects on water, chocolate bars, and tea bags in water. 



10=1 



7 7 
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OBJECTIVES . 

At the completion of this activity, you should be able to: 
o use a fiat plate solar collector, 

o determine if enough energy can be collected over a two 
hour period to change the physical properties of \ * 
a) water, b) chocolate, bars % and c) tea bags in water, 



SKILLS AND KNOWLEDGE YOU NEED 



How to set up a solar 'collector to effectively capture the 
sun's rays. 

How to graph data. * 

How to perform a controlled experiment. . 



MATERIALS 

FOR EACH GROUP COLLECT: 
1 solar collector. 

V 

M - 6 beakers. 

% - Water. , , 



r 



2 chocolate bars, 
2 tea bags , 

6 standard laboratory thermometers, (-109C to 100°G) 



ERLC 



*> 7 8 



IfiAKIR #3 WITH WATER AND TEA BAG 



COLLECTOR PLAT! COVER ^fi> 



COLLECTOR 





BEAKER #1 WITH WATER 



BEAKER #2 WITH CHOCOLATl' 



CARDBOARD 
SUN SHIELD 



METHOD 

1. 

2. 

. 3. ■ 
4, 



5. 
6. 



Set up the solar col lector so that it effectively catches, the 
sun's rays, . , 

Label 6 beakers as - follows;' 1, 1C; 2, 2C, 3, 3C, The beakers 
marked C will be our control. . 

Put a thermometer into each beaker, 

Place the f 61 lowing substances in the following- beakers , 



1 & 1C 
\ 2 & 2C 
x 3 & 3C 



water 

chocolate bar 
water and tea bag 



Plae« beakers 1C, 2C, and 3C in the shade. Place beakers 
1, 2, and 3 in the collector* 

Observe the physical appearance of each substance and recbrd 
your observations in Data Table 1. 
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QUESTIONS > ■ V .'• 

1. What conclusions can be drawn from the graphs? ' r 

2. ; Compare ^.the final 5 temperature and appearance of *the water 

in beaker . 1 and beaker 1C. . * 

a v Was there any diff^^ite? s 
b, How do you account 3|j&r7Vany difference obser^edt^' 
: Do you see any way thrft you could use the information, 

that you gained in this experiment in your home? * 

1 ■•- ■ . f . •■" " "V a ■ '? . i( : . . / 

3 - Compare .the final temperature ancf appearance of the chocolate 
bar in beaker 2 arid beaker 2C. ' . ..' 

a. Was there any difference? , ^ ■ . 

f ■ ■ b. How 4 do you account for any, difference observed? 

.j . c. Do you see any way that you could use the. information - 

M that you gained in this experiment in your home? 

.t < - ; ■ * . "" I. 

4, CoWare the firia^ temperature and appearance of the water and 
. tea bag in be^kf r 3 arid, beaker 3C. 

a. Was there any difference? ' 

b . How do yon. account for any difference observed? 

c. t)o ypu see any way that you could use the information 
gained in this experiment in your home? 

GOING FURTHER 

What effect would changing the place where the energy is collected 
* (that £s, indoors or outdoors) have on this exercise? * . 

What effect does time of day have on this experiment? J 



cAyou used styrbfoam cups instead of beakers^, would 

^Su expect any chanee in the results? Whv or whv not?, Ami 



yWb expect any change in the results? Why or why not?. Ask 
your teacher if you can try this , 



If you . used black styrof oam cups would r you expect any* change f 
in the results? Why. or why not'? ~ Ask ydur teacher if you can 

try this, , " ' • * ' * ■ rt . . 



N 



Teacher Information She«t 
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LET' PUT .SOLA R E N E R 6 Y TCP W 0 RK 

•■>•'.■ * '.- % /'V', ■ «.,■ ^ ' > 

' Suggested Grade Level and Discipline l * \ 

. 7-9 Science ' * . .-; H ■ ' 



Background Information * ■ 

V.. - * ■ ~: " t " - ' _ 

ft. ' " " ' ' * « *• • 

fr , v On £,ha sun, hydrogen nuclei unite to form, helium* 5 During this process the 

sun gives off energy and transmits it to the earth at a 'rate of 1.94 cal/em^/min. As 
this energy is transmitted 15% is absorbed by the atmosphere, 42% is reflected by 
clouds, snow, water, or' land ,and 43% is absorbed by * the earth's surf ace. The total 
solar energy falling upon the earth is very much greater iUian current or projected 
demands, for energy, (The .energy the sun sends the: earth each year is equivalent to 
120 trillion tons of coal)/ ' .* \ ' 




. At the present time, the problem is how to effectively collect arid store % >. 
this energy at a reasonable cost* A solar collector 'itself is simple to operate and 
relatively easy to install, v • f 

In this experiment the students will see solar energy uso^ to heat water, 
melt chor.olatc, and make tea* They should then be able 0u conclude, that solar' energy 
has^gan^ practical applications including heating their homes, preducitfg hot water for 
their homes, and/pr cooking in their, homes, 



4 The teacher might also; point out. that solar energy ( striking photovoltaic 

c^lls called solar c^lls has produced electricity which has been used to power such 
.items as radios, watches, spacecraft and remote electronic' installations * 
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Typical Results' 

.- ■ ^ ■ 


■ =•■ •*. 


DATA TABLE 1 










I • * 

Q 


"BEAKER 


INITIAL® 

^OBSERVATIORr 


FINAL 
teSERVATION 




. £ 1 


r - clear water* ' 


, . water § bubbles 




2 


finrt chocolate 


■ melted chocolate 




3 ■" 


clear waher s tea bag 
kleax* water 


water tea-colored 




1C 


no change 


-■ • . -. ■ (_ 


2C 


fiimt chocolate 


no 'change 


% ■■ ■ 

> .. 


3C - 


oleqr waierg tea bag 

' ■■■ • * 


slight, diffusion 
of tea 



v 



v 



4. - 




0 30." ;6R 90 120 

TIME IN MINUTES 



BEAKER 2 



'* - - - - BEAKER 1 AND 3 : 

Jy- tSEAKERs IC, 2C, anb;3C *" 
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ntm on Gathering Haterials 




ba^|fltae si^^%^Siotti)yp; lar ge*v0ocUm 6t 
$£*de and ,out and covering' ft wltjji a pl?f ce* of 



■ :? , •••• - % • , 



cardboard box black "both 

glass or plajtie^wrap. Make sure that the .flat plate collector will 
use or cons true t 'Is deep A jenough ig accomnftdate ^.bekkers J 

If beakers are not available any glass container will stiff lee. 

4 '. . 



5 •:.> •, ;• 



Suggested 



Allotment 



One class period jfor 
the school day.) 



the basic exercise. (Data .would" be. .collected during 



One to two class periods for initial and final discussions*. 
Suggested Approach . - : ^ 



This lesson could be taught as part of a unit on energy with particular ... 
emphasis orf the energy problem in the world today, Topics sae,h as* t.he 
sbureeV, uses, and waste of energy would be covered, Alternate sources ^J* _ 
of energy could be introduced and 'then tKe class could figcui oarone^ ViabW ^ 
alternative - solar energy. 

The .teacher could discuss hbw solar energy is created and hgifa it reaches tlft% 
earth, the construction and operation of a solar collector ^couid bif 
discussed » f ollSwed by the advantages and . disadvantage&tof uslng^olar 
energy. This experiment could then be tr^ed, .followed tiy ^s lecture^ 
discussion class on the uses of solar energy with emphasis on" its use :#l i&' 
heat homes p he A hot water and cook food. ". - 

In carrying out this exercise you could divide'* the class ^Lnto groups anfl^ v 
have each group CAliect dajfc*^ Alternatively * you could have the entire - y 
class set up the experiment one day in a suitable place * and make initial '■■ 
observations. Then the class would be divided into groups and as signal 
a time to take temperature readings the* next day Jbef ore 'class * Each group 
would acfti its results to a class Dapa Tahii kept at the 'eSperiment At the 
next clasff* the students wou^ld' make final observations of* physical * 
appearances and complete their own data on temperature changes, ^During the 
remainder of the class period s completion of graphs ahdj^answering of questions 
; cbuld be accomplished . 



The teacher might want the students po try #3 and #4 of G$ffe FURTHfER 
The procedure* would be the same with thevsubstitutiqn of white styrof oam^ 
cups for heakera for 3 and* if 4 is ^choseny- white ^tyrofoam cups painted 
black,- ' » ; ". ' K i ' _* 
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Precautlona 



10-9 .'• 



Modifications 



ily Mm possibility of Btudente eating the ohooolate bare/ 



Marty alternatives lor constructing flat plate collectors can be found in 
the literature. The teacher might wish to have tne students ' construct 
their own collectors and then do the experiment * ^ i 



The data for nfhis experiment was gathered indpors using the window as * 
the covering for a f Sat plate collector, the teacher could vary the 
experiment by using different eol^#c tors indoors and outdoors* 

Additionally more quantitative experimental results, will be obtained 

if temperature readings are taken at much shorter' intervals e.g., (2 rain.) 



Evaluation 



Collect the data sheets from the students. Rate their ability to* 
1) make and interpret graphs, 2) transfer the experience of seeing water 
heated* or chocolate bars melted and tea formed, to the practical 
application of heating homes and ^ater,^aiid cooking. 

Assign one of the following projects to the students* > 

1, . * Keep a notebook of clippings from magazines or newspapers on 

any articles on solar energy „ 

2, Visit an alternate energy store or* a solar collector company and 
interview the manager concerning advantages, disadvantages and cost 

^ of solar energy equipment, Writib a report or fep^fet to the class. 



Visit an alternate energy store of solar collector company and 
interview the manager on career opportunities. Report to the. 



class. 



/ 



85 



m 



= V» r v 



.ft- 



: %R A FT - Activity II 

ROOF OVERHANG 




s allow light in and 
The best collectors - % 
angle toward thfe sun, 
absorption. \ Houses differ 



INTRODUCTION ^ < ■) W - 

Li ' 

Eyex^ house^ff sola^f co 
the fu^ishings: inside ^convert tb 
have; Windows that face south , are 
and have dark' Colored interiors tor 
greatly in effectiveness" as collectors 

Like, every solay collectors houses work best in the summer when 
is 'most directs and when we need the- heat .the least, Cooling is 
at these' times. During the winter , it would be important to 
the, collector waking as yell as possible. 

Th«e are mafty ways to increase cdlleetor effectivenrfR in the 
winter and decrease it if! summer. One way can be as simple as chaneine 
the overbam\ of the mnf *v , ' • ° ° 
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; [\ Upon completion df tills activity you should be aM(^to: 



o jgiS^ yofir home roof overhang , 

relates to solar heating of yojur home* 



SKILLS AND KNOWLEDGE YOU NEED 

How to read a thermometer, 

% 

How to graph data* 



How to read a stop watch or other 
wrist watcji, etc, 



Epirippevice (school clock, 



MATERIALS 

- 1 insulated model house (per group) | 
1 laboratory thermometer ^eV group) 
(1 sun lamp, if done on a cloudy d, 
Timing device. 



0 



Thermometer Hole 




METHOD 



ERLC 



Get -an insulated model home from your teacher,, BE pAREFUL 
SINCE THE MODELS ARE ^SOMEWHAT FRAGILE AND SHOULD BE HANDLED 
WItH CARE. It consists of a styrofpam box, painted black " 
inside. It has one window in , tFTfe s^Lde and another place of 
styrofoam to f otm a flat roof , (See diagram) . ** ^ • 

Make a data sheet to repord all information to be measured, 
A suggested form for recording da!ta is shbwn on the n^Ct page, 
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-..far 



fine • 


... /. ' : - 7 , ...i f ■- , j ' i- ;-. , - : — i : • 
i . Teinperature (°C)\ 










% Shadow - 










p ;■ -■■ — *= 




•' ■ - ■ ^ • ' _ * : 










... v V - 



•'il 



3. 
4. 

. 5': 

7. 
8. 



Place a"' thermometer into the hole at, 
, and record the temperature on your dat" 
' . " ;■ '•' ■"■ .* ■.. ■■ 1 

Place* the model in* direcC iunlighi andVac 
Hthe. sun shines directly into' the window * 

overhang casting ,a shadow on it. If 

use a heat lamp in place fit the sun 

^cord the temperature ifl^y^the mod 
rwfe minutes on yout da^ta 

Remove the roof from the h©6l 
inside the builtiing to returj- 
surrounding air. Fanning with 

Plot the data, temperature vai 

, t/i^ * * 

Refiftat steps 5,6 at(d 7 using 
the /window. _Flr-*^ 
to„- ijast a ^sha dow 
be^ repeated wh 

the information on the^-s'ame gra 




Iff* 



LOOKING BACK 



. determine ' which 



By looking at j; yo«|raph , you will' be at 
Sn^K«L°! n T ?°f °^ rhan i ''MW? ^»s* if '^:^'l.nte^st^in keeping 
oT?«1 w£ 4° f? 8 jSfe^ r ^ ^ «l«ter 4 A-'gdod measurement 

of collector effectiveness £sJ|p|^ange .in,>*r K temperatu?e>th^t is 

achieved, . i ^''^W "^'V:' v; .' ■ • . ; 

questions ; •* '^Wf^'^B^^/ir' 



'•V 



I£ you ; w ^^^.?igni|fc ( a homa 4 or remodeling one, what^ouja ^ 
you. do w^p roof py^Sbang^ta make the^buiiding cooler in the r ' 

suraner? ;#^/, • : ••' - - : ' . ^-v _ •• k ■ 



In the s umm er , the suti. is hi 



Ai, this sky # bhan^tt wpi^ 



in tl^e winter. Explain how this m%iflfc help or hitide^ 
heating or cooling of your Home with rbof ^ovei^&ane ^ 

w ^ at r-? r# aom ^ othejr; possible fpinDd3 pf he^i^^nd ^cooilttg 
can be usad in your home that would not require purchased 
energy, such as electricity and oil? ^ ^ 




,88 






- ^•f' ef f ect Twoifid £ home with* no. insUtat iotf^iaye . ot* the 

m Using information about the &ngl$ <c£E tqe va^v^ ^^^ 

v • dtf the year at dif £ er^rtt latitude , found an e^rth- science 

; V ; ShoU t figure the best size overhang, for thp^wiridows itt * ydiir 



$\in at ^aiipits times V 



. 4 



\ arid different interior colors/ on the #kperiment^ 
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&'^praftr :fr^,;ijmr.f^<^r\r1wK ■^mirr- l ;,.-r;,f;-i..*-.'in^; l -,vr l i,r ,■'„ 
■\;." : Ai.'>>)' V •'< .ft.-.- ■■'•'V: .•»v-;,v*-.: 

N^e^T^^^nnatioQ Sheet 

r^; ^figyejpgjt e^ade Level ffl>d Plsclpiindi 

General • Seiifee M > " : . \ "\"» ; : 
W^'/- ■■■■ • : :■■ 

* ■ v?A* 'Background Information 



■ ■■ ■ 



OVERHAND 



le purpose 



O^/.a'SF ' >' f i The purfose of this -activity Is to demonstrate the value of properly 
v4$#'pl^ passive -cooling and heating of a home* •* 

J. ^ri: f When light passes Into a house' arid strikes any surface,, the 'visible 

radiation is absorbed and infrared is re-radiated, This longer wavelength radiation 
is;as9ociated with heat. . xhe glass allows light in but doesn*t: allow the heat out, 
» T£ls is referred to as the : "greenhdiise effect"* A darker surf ace\ absorbs better due to 
3$ 'gt eater production of this infrared-radiation . 

v /.V'..: , •" \ '.,'*■}■. -V :V - : " \ '." : \ ^" ■ 

v |k/' During the summer where the*sun is at a higher angle, the overhang should be 

^ v/far enough out so that the window is covered completely. In the winter with a smaller 
'^y angle, thl sun has a greater chancy of entering the same window* 



window, etc 



The optimum overhang for. a house will vary with latitude,, position of the 




SUMMER AT NOON 



ts on Gathering Information 



WINTER AT NOON 



The model homes can be constructed using styrofoam panels available as \ 
insulation in a lumber yard. They are, generally , * approximately 2cm x 120cm, 
One, model house is easily constructed out of a single panel this size ending 
up 20cm deep by 40cm widely 30cm high*j The styrofoam is easily cut with 
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' / : 

a taaior blade and glued together with a thick white glue. The whjLfe glue % 
seals up openings In the seps as Veil as holcM^it together . Windows can r a 
Ife j^e the same J . 

glufe; Thfe use of styrof Gam provides insulation a|F well^as an easily ir«" 
handled const ruction material, fife roof, also made of" styrof oam, N is '-■ • b 
: ^ * " 40cm at 30cm and made to fit on top and also ^ver hang.* The size of the 

window Is approximately 10cm x 10cm. Thef&flftstion of the half-shadow ; * 4 
'• \ can be marked on the house at the time of ^instruction. 

' ' ■■■■ jgfr . « ""' ' ^ V -.v „ • 

.;. ,• v ;= . . ' W \ ... • 

Suggested Time' Allotment .;. ' , .. , 

. • - Two , class periods . , (tee class period for collecting data, one^clasB 
period for results and discussion.) 



Suggested Approach . , „ \ 

t ,• , , . * . 

7 This lab could be implemented in a heat or solar energy unit* The 

activity illustrates the absorption of radiation, the purpose of m 
insulation and could bfe related to a solar collector* 

77 Thin lab could be introduced by having students measure the roof over- 
hang on their homes facing south* They mifjht discuss in post-activity 
V Mhs^her their house has an optimum .design* 

* * * ' ; 

, Divide the class into several groups and have each group collect data 
under the fame conditions. k , 

i 

Typical Results ' v 



- The model house with no shadow on the /window will generally go up 5 to 10°C 
In the time provided* With a % shadow, the^ncrease is 3° to 5°C and 

% ' , with the full- shadow, there is generally no /increase, 

W: -;; " - - - - 

Precautions 

i - The models ax*e somewhat fragile and ehpuld be / hw%dlBd with odre* 

.......... .• . . ■ ^ - f " - " " ' " ' . =i ' ' 

Edifications - * fjp 

V - "• 8 * 1 . " ; ' ■'. t - . ' v ■'■ ■. 

The, model houses Gould be made of virtually any 4 InsMpatlng material 
(wood, cardboard, newspaper, etc ! *^)* The windlgb^©urfl be made of poly- 
ethylene or kitchgn wrap type of plastic filmft : jQLASS SHOULD NOT BE USED 
# BECAUSE OF ITS^ WEIGHT AND THE CHANCE OF BREAKAGE * & a « 

1 ■ •: ■% f ■ ; . 

Ivaiuatlon \" - 

- " Stulents should be able to explain why roof overhangs are valuable*- 

Comparison of data from di^erent gropips should coincide reasonably well. 
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»;:;r ; V : v W A F T - Activity 12 , 

SOLAR ENERGY IK A COFFEE CAN 




INTRODUCTION ...... 

'.S Th: V?_ activity will give, you basic information about th«^~ 
.operation of m typical solar energy .collector I Think about all the 
energy coding from the sun that strikes the earth but 
If this could be collected, we would have an abundant 
energy source, . ( 



is not used* 
clean, and' free 



f v^As the sun shines it' gives off tremendous amounts of energy 
which cart 'be collected and used fo^heating purposes. Have you notice 
solar energy collectors in you*neighborhood$. Do you \know how a s 
feSf^gy collector can be used to heat a building? ' f 

" . y * in this activity you wiTl cons truct a very aimple soldr coll 
that will help you understand how the sun's energy caft be used for 
heating homes , office buildings , and fadfcorief . 



d " 
olar 



ecjter • 
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x kt the coop let ion of this activity, >you should be able; tQ: 

• • o construct a* solar eplleetp: from a can:, f \ * , 

q * determine how the type of coyer material (glazing) 4 
influences the performance of the collector; 



v 



determine how ingulation Influences the performance of 
the collector* 



SKILLS AND KNOWLEDGE YOU NEED ' 

^ ' Reading a thermometer and a stop watch or other timing 
device (school clock, wrist watch, etc.)* 

- Graphing data, S ■ " * 



s 



MATERIALS 



A large can about 16cm to 20 em high and 10cm to 13cm wide 
(a 3 . lb. coffee can # for example) with plastic cover* 

A smaller can about 10cm high and 7cm wide (-a 1 lb, coffee' 
can, for example) with plastic cover* 

A standard laboratory thermometer* («1Q°C to 110°C) 



Several square pieces of transparent arid traHalucent^ ^ 
j^T" materials such as plastic, wrap, polyethylene waxed 
paper, etc* (Approximately 15cm square) . * 

Several types of insulation material such as shreddai^paper 

(cellulose) , cotton, s tyro foam, fiberglass, cork/ sawdust 

, k 

A -watc^h or clock, with a second h^nd,. 
A can of flat black spray paint* 
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Isoili imwT m ifowii cam 



plaitic cover with center cut 
out l#av# about 1 cm rim 




lib coffe* 

corf y 



o*- 



hoh punched lo fit th«rmom«t*r 

* . 



«ov«r 2 (if used) 




1, Spray the inside pf the smaller can with black paint. 

7\ * ' k * " 

2. i Punch ;a hole in the fide ef^the small can to fit the 

therfliometer , ■* * "* ■" . 1 

■ ■ s - ~ . Vf ; , > . - 

3: Punch a hole in the outer, can so thai the thermometer 

can pas.tf through it. Allow for the insulation being placed 
' in the outer can. Small can will rest on this, not on the. 
bettom of the outer can . , / 



4. 
5. 

7. 
8. 
9. 



at or^Wii 



Cut the center put o^Rlfe. small can's plastic lid, leaving 
a 1cm. rim. (See diagram above). 

Choose one of the cover materials to stretch across ithjB top 
of the smaller can. Hold the material secure by replacing 
the cut out plastic lid, \ i .\ . 

Put the small ca^ ? inside the larger can, 

Insert the thermometer through the hole in the large can 
and then 'fit it snugly into the smaller inside can; 



iKe your solar collector in the sun and record the 
e^erature each minute for 15 minutes. 



Plot the data, temperature vs. time, on a grrfph. Compare 
your results to the' results of those students who 'used 
other cover materials . • • , - 



/ 



T 



^ "10. I^Mt^ ptac«<lur^ #7.;aiid #8 r but : this'. ti^'/usa^nVinsOiation^ * 
'' ; {mt:a^t1p^soe)i. Cotton , , Make sure yoti put thfi irigklating 
»y - .ma teri al in all fehe spaces between the two cans ifa'cludlng 

\ data f^xtotwtti..-tty,-3 w 4 other insulation materials I ^ 

.••■--•rll f ttonpare, graph axes » the various types /'V- — ^ 

of insulation used* You may need to ask your teacher to =*.'•• 
Jielp you with this staph. 

, ;-V ■. ... . . :. -A.. V\ V ■. , ..■'=••,/= 

LOOKING BACK j / " ' V '= ' " ■ ■ '"'^ ■/ ^^./^^'^ " ' 

- ■. .. : :(./.;■ i.--, \ . ' ■ t . .. . V '-V ■ ..-V..\." < , J . . ' • ./■■;. 

. T Sol(ar collectors can be made from a, variety of inexpensive, 
^a^&Iy^aimi^^ 

v sol^r energy tp be trapped and converted into heat, toe indication of J 
% collector performance is the change in air temperature achBLeyed, 
' Collector perfort«|LCe can*be changed by altering the covering material j 
.through which the s^in 1 s rays pass and^ altering the insulation materials 

%uaed.: f . -/v. • f\"',' ' '•: v • L,-'. . ■ ^ . v/' ' \ 

b QUESTIONS 4 i 

> * . 1* According to your graphs , which type of cover material oh 
the small can\ appeared t*J be most ef fective?l 

Y 2. * Why is it necessary to use insulation, in a solar collector? 

Wtftch type o^insulmt ion seemed to work best? . . , 

* 4- Of those materials you used, which eoitibinatibn of ^glazing ' V*' 

• , • ,and insulation material would" you recommend for a solar - 
. fc * collector? * 5> ^ 

" GOING FURTHER \ I - ^ * 

■■V' . What effect do t es • the sla^fo\?f a .collector hav^je- on the temp- 

erature attained? Try different^ ang^e^ of orientation % 
: 'f . ' (rlant^tow^td the ^itti). 7' - v;^;* " f"; r ; ; r 

^at effect; would sub«re@zing temperatures outdoors 4 have - v- " 

d>n temperature^ attai^d? Would se^lari collectors be»practical. • 
: in colder cldj^tes? , >; ' • ^ ^ f /' -\ ■ * . > - 

How do wipd mot cloud cover affect the collector's performance? 

'. ' Hew wouid adding an adef^t^onai c0ver t& the outside can* affect: 
v performance? " T" •' . / ^ "■ 

'". " * ■(,. r,;:' • V*"' " • • . - ■ 

f,; *^ Wbufcf chang^ft^-^ie color of the inside of the small can % * \ . -r , 
-* afrfect thevenergy dblledred? - .^.^ ^ , - : — v 
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Teacher Informs tie* Shiga t 
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SO LA8 E N E R 6 V I fl- A' C 0 F F E E C It. 



Suggested Grade level and Discipline 

.v Ear tl/ Science V 

Physics , . ; .« 



Background Information 



v 



A solar collector his f ive basic 'parts* 



.activity* 



Each wil'l 'be investigated in this 
^ftterlalp talltd^lazing, which 



* : One major part of a collector~Ts a eov< 

transmits as much solar 'energy as possible. Its puipbie is to trap tfte-e^ergy 
it transmits, inside^ the collector. The glazing should be able to withstand' high 
' temperatures without decomposing or melting, and it /mUst be aWBsjtp withstand impact * 
fro*- objects that might faj.1 On if\ c V. J , • ' 

,V;;" ; . ; ..; ,, ... ^ , : W • " y ■. ' , . • ■ ' ' - . v j . . - 

Another part of any solar collector is ^e collector plate which absorbs the 
ene£g£ trensmitgpd by the glazing, ffce collector plate is usually coated with a 
dark colored material that . Increases the. absorbance of the -solar energy, ' The . * 
collector plate and its coating must be able to yithstand h±0t temperature* "* ! - ' 
without vaporizing or otherwise br^aj&in^ dpwn. The collector palate is often made from 
copper or aluminum but other materials^ltoay be suitable, . - 



4ft stee" 
* 



A third part of ^ co.i|iector ^. the collector box, houses the various parts 
lector. It can be f rom mfterials -such as aluminum, wood, fiberglass 

It must be sturdy, and able to withstand' temperature extremes. ■ 



A frnirth part of a collector is the insulation that surrounds five sides 
^f the collector box. Conduction losses of trapped solar energy rare substantial - - } 
unless |£e collector box is well insulated^ ^Fiberglass artd various foams Ure commonly 
t usedL tot this purpose, ». " 



The fifth part o5 the collector is either air or a liquid, ' It is used to, 
transfer the solar energy % to a system for distribution throughout the space tp\be 
heated or to a substance to be heated, ' If Water is, used as the medium ih cold climate's, 
it" IS ' Of teri mixe'd with an antifreeze. '* * •'- •" * ' "TV*" ^ 

A eOj^f ector or a series of collectors can be used for space heating or to # 
provide hot water for commercial or domestic uses. ' •. : 

' " v . . .. i?- ■ * - 

4 - . ■ % . • * 1 * ' •_ 

The collector constructed in thisLaet-ivity is an interg'raj, part "of * typical ■ 
ar* systems . . . * t * <■ '' . J * * 



hot air solar* sy 
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Hints on fathering Materials 



Several weeks before 'the activity is planned, have students start /< 
. ' bringing in one and three pound coffee cans with plastic lidp. W 

' « "s . . " ' " . ■ = ■ ." ■ - j* . ' V ■■ ■" * N 

*Have several extra coffee can covers (of *both sizes} in case. the 

ieittB^u^n^-^ 



Suggested Time Allotment" .' 



e collectors * 



One period to construct th 
Two or three days for collection and 'inter 



m H 



Suggested Approach 




Divide the class into several grqjjfes* Save ^aeh group use different 
combinations of glaring and Insuf^feg materials. — -■ 6 

.Have each group collect their data t under the same Environmental conditions. 
This will help eliminate the number 'of variables. (Example: change in 
cloud cover conditions, etc*)* 

In order to* infuse the concepC^of career education/into thf classroom 
activity it* is suggested" that the teacher, contafc^r Industrial, utility-^'and 
business representatives in the energy field, For example, a sqlar heating 
system dealer may be invited into the classroom to discuss the Job o;f "- 
Supplying materials necessary for considering and installing solar ^ 
systems. Sample materials may be provided, during the presentation Vas* well 
"as * f, hand=out ,, information. Beyond this activity, students may be asked to 
visit local firms and interview individuals associated with the, energy 
industry. For example, the students could speak with a utility company 
representative! a gas station operator, a *solar collector manufacturer, 
a county planner, a local newspaper * representative* as well as plumbing 
and electrical contractors , . ' 



"V 



Typical* Results 



1 OU\s 



The various ^combinations of insulation, and * glazing used/will ca^se results 
to vary, ■ \ , ' . r 

... •' .. ; , ^ 

The bettjr the insulation and* the greater the insolation, the higher the 
temperatures to be expected, 

A second layer* of glazing with air space between it- and the Inside can 
should increase the temperature inside* the smaller can, ^\ 
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"» 36 

■i. 

V 32 
- 30* 
28 

%9 26 

I 2" 
S 22 

5 '20 
. I 16 

- m 

12 

8 
6 

6 



0 2 



J i i\l J_ 



1 i 



1 » — J — * ■ t ■ i v . ■' . 



\ 10 U W 16 J 8 20 ' 22 '26 ' , 28 ,' 30 ' ;L ' a 



TIME (MINUTES) 



Symbol 



Absorber 
Cojior * 



KEY 

Insulation 
Type 



Lt, Blue 



4)k. Gray 



Sty^f 



Rock Wool 



g Inner 
Cover „ 

Clear 
Plastic 

Clear \ 
Plast j/c 



Outer i 

Cov er 

— * — ~~~ 

Clear 
I Plastic 



Black, 



Fiberglass Glass/ 



Clear 
Plast i 

None 



AIt temperature 



*Nate: In the activity described 3 the absorber aolov was hlaek 

,.' aa Q^oompliahed by spraying phe inside of the small can 
^,1 wit}\ black pciint* ^ - - / J 



Precautions 



9 
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Hnlen qould he pre -punched in the cans by someone, other thah the 
students* (Une a metal punch to form the holes with cm appropriate 
backing to avoid bending the can,} 



98 

i L 



If cans ajee difficult to obtain, £hoe boxes may Be substituted* 



- Paine;, the, ou^side^of the larger , can . (or shoe bbx)Ltb observe if this , * 

• •' 4i /- \ .. '.-^ \' : ; ! ; ; s/ f' :.. \, . \x^r:/S_ ■ ' :» /■..., ■ 

' * ■ - If more'bacfcgr^^^ the students, the teacher ""7 

^ b4'i !dupiicafced fox ' tftisl purpose i; 



your students 1 /ability to follow instructions and wort witti ! Jther 



Evaluation 

=••■' s \r. ' ;: • Obserye 
;?f~r\V- ,■ .* ^ci^ss' memb^ri 

- Collecf and review the data ['gathered by each, student. Is it well* organised? 
-\ ^ Is the analysis well though tj out? Are^be graphs usable for data analysis? 

- Check. 3tiid&nt$? answers to* the questions,' U;* / ! 4 1: v \ ', • 
References 
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' ; '.f V, V ;'' ■" i C R A' F. Y -: Activity' 13 

i ^ * ; : A SOLAR WATER HEATER 



j 5 M« 





INtRODtiifcTfON 

• - The,; aim. is^ our ilh&ef source of heat. We obtain h^at from '. . 
the sun directly when we are warmed 1 by its" rays . We make Mis e of the 'sun's 
energy indirectly in several ways? to provide heat s For example , energy * 
from the sun can be captured in a* solar collector and be used to warm 
our homes and heat qur water « ( % ■ ^ * 

\, ■; . ••* ■ •> , - "j • •/< * 

. In this, acfcrivity . yogi will learn .about the ■-operation-, of a ». 
simple solar water hefter. Think about all thV % energy that is used eaciji 
day to heat water usirtf natural, ga^s or electricity. " Using energy iron 
the sun to heat water wauld help conserve' bur rapidlV dwindling fuel 
sources . ' j£g» * ■ / ' \ 

~ ■ -v Xou will- construct <a simple solar- water htater fthat coWstg % - 

of a -solar* energy collector, a storage ¥ tank and some very 4 simple* plumbing , 



i. 



■ I 5 
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• V • v -■■/■■" y- ■ • < -,-,v '".^{v ■. a/, • : '' ' t • vit •'• .■■ 

' v i P > construct 4 wptklrig model of a^sblar wAt^r heater. 

0 * det#«yine hbw^the. efficiency of ,} a si>lar collector ctn 

" 7 •* •■=•='•/ •■■ be increased- ' ; 7^7 V- \ -.''"il'.v V'". . 



. 1 

\',:: 



iv' r .v 

■j, "J: 



■f 



6 desijgn a solar , water heating sys tein ; that be used 

? v i*i your home* 



> 



SKILLS AND KNOWLEDGE YO^J NEED i *i < \\ \ // 

'. -• ■■ How to r6ad a. thermometer :v 

... ; ; :-Iio^ tm -graph 'data* .V .. '. ■ ' 

- • • Care in handling scientific apparatus * ' 

. .l^iX Wv— - ' ; " ' ^ ■■ 4 ' '•■ ■ ' • : • 

MATERIALS £ ^ - ^ ' s - ■ ' 

. 1 stfe4lW- cardboard* bo*K, ; \ 

i - \ 1 sheet of glass (large enough to . cover / the cardboard box) 

- v, 20 feet of blaclJ rubber tubing. 

•••"^ - . 1 ring stand, ■ • * 

* * 

1 large clamp, V_ 1 

i, ' . . . 

1 condensation column, . t 

1 ^pinch-cock. ■ , 

1 .Celsius thermometer . v I 

^1 50ml beaker, v V ' 

1 one-hole stopper or cork*. 1 

1 funnel < ^ 

' ■ * * ; " i ■ 

i can' of ^laek paint pndj a paint brush, ^ 

' . *** * 

* 



METHOD 




1, Assemble the apparatus for your solar water heater aecordIng r 
.. . . to the diagram provided . . ,^ . V . J-=| . 

2, Fill the entire Vmi,. with water! (Be S ur, that the tubiW / ' 
and- condensation column are completely filled,) ' ■ T 

3, Drain off 50ml of water from the tap" and record the t emp e r a"t ute*""" ■ 
, on your data char,t fi \ ' 

\ t , rjif - - * - . , » 

4 , /\ Pour the water ba'bk ^into the funnel. * - ' 1 • 4 \ 

■ 7 . v, - <• * • ■ - % * \\ : 

5, ? Place the solar collector in the suit and record the temperature 

of the water each minute for 20 .minutes or until a^ maximum 

temperature ia reached/ f (3e sure/to poiat each sample back, ? t 4 

into the System. ) " ' S ' T \ : '* ** 

■A ,< \1 > ■ ' - nf 

6> "Graph your 'data on the provided: ■ " ' t 1 \ 

-. ' X / 

7. , Drain the eri tire system. Paint the cardboard bpx blafek and . 7 

allow to dry*, then repeat steps 2-5 o^ this activity, J 

8* Compare , dh the same graph, the dafa received from the pai&ted 
and un'painted collector boxes, # _ 
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LOOKING BACK ^ V , \ ■ V r 

. % » ■.. > .":\.. . .- -"s ■ 7 r\ 

In this activity you have seen that solar energy jcatPbe ^captured" 
and put to good use as in, this model s^lar water heater. The performance 
of this design can be changed and ma^e more efficiently painting the 
collector box bl afck . . On sunny da ys this* mode l wilL produefe small* 
-qtrati t i t i es^^f-fto t w^ter if~"eKe trffpcTfe Ic^pt fullV TfiTs v simple system is * 
basically the same desi'gfi *that would t b£ used in an enetgyHpaving home 
solar water heating unitf • * . ■ 0 *\ 

QUESTIONS , ; \ 

1, Where deles, the -energy to heat the water come from? 

2, Why. should 11 a black rubber tube be. used in this activity? 

3 , Would the water heat up if. the tub ing^was not in a solar 
V collator? ' ■ ✓ v 

4, v < Under wh at\/ea t he r conditions would a solar ifater heater work 
s * Best? ■ * ' • - ' 

• _ * ' " * * + 

5, How does, changing the color of thfe collector box affect the"-, 
* temperature of the water? » - • * *^ 

6, Where would the collector box be placed in a pr.ac^tica,! home 
'solar water heating* system? 

7, Examine the drawing of £he apparatui for thilfe activity, What 
part of the system would be the same as the cold water pipe 
in your h©me hot water unit? 

* * -'1 

GOING FURTHER ' ) * 

* After thi collector has been in the sun for about 30 minutes 
y add 15-20' drops of dark food coloring to the system through 
the funnel. Observe the currents that move the color through 
the system. Define" the term convection, 

m 

- ^ Experiment ^further by deviling ways to make 'the system produce 
a higher temperature jin less time. Suggestion: Analyze such 
factors as- the color of the collection box, insulation, the use of 
a pump , the use of mirrors & magnifying lenses, changing the angle 

A of the colleettfr * to .the incoming sun rays, different covers 
for/e^e collector;, colots and lengths of tubing, etc, 
4 ' Compare yqur results to the data collected in the original 
ac t ivi ty . . '" * * |l 
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